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REVIEW OF THE LITERATURE 

A study’ to determine the incidence of tuberculous infections in 
medical and other university students has been continued. Our objects 
were to test our former results by more extended observations, to ascer- 
tain the time of onset of new lesions and to determine whether those 
previously found were progressive. We hoped also to obtain some light 
on the cause or causes of the remarkable frequency of tuberculous 
disease among medical students. 

During the past few years several interesting reports concerning 
pulmonary tuberculosis among medical students have been published. 
Fitz * stated that among 424 students at Harvard University who were 
given a roentgenologic examination as part of a general physical exami- 
nation only 1 case of tuberculosis was dicovered. He described certain 
cases in medical students that are similar to instances of the disease 
that we have observed among medical students in Philadelphia. Soper 
and Wilson * have studied the incidence of tuberculous lesions in stu- 
dents entering Yale University. The number of medical students is 
small, but it is of interest that the incidence of tuberculous lesions in 
students entering the medical school is higher than that in students 
preparing for professions other than medicine. 


From the Henry Phipps Institute of the University of Pennsylvania. 
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Herman, Baetjer and Doull* reported a survey of medical students 
at the Johns Hopkins University School of Medicine from Oct. 1, 1926, 
to Sept. 30, 1931. During this time pulmonary tuberculosis (including 
pleurisy with effusion) developed in 10 students. The average enrol- 
ment was 250, suggesting that approximately 60 students graduated 
each year. Since an average of 2 cases of tuberculosis occurred each 
year, the results indicate that about 1 in 30, or 3.3 per cent, of the 
Johns Hopkins medical students acquired pulmonary tuberculosis during 
their medical course. It is noteworthy that none of the students had 
died at the time the report was made. 

Similarly, at the Western Reserve School of Medicine, with an 
average enrolment of 250 students, 11 instances of clinical tuberculosis 
occurred in eight years, as reported by Herman, Baetjer and Doull. 
If it is assumed that an average of 60 students a year, or a total of 480 
students, graduated during this period, the incidence of pulmonary tuber- 
culosis would be 2.3 per cent; that is, of each 1,000 students passing 
through the medical school, 23 acquired tuberculosis. 

At the University of Michigan in 6,755 student years 19 instances of 
clinical tuberculosis appeared among medical students.* If we assume 
that each student attended the Medical School for four student years, 
1,688 students graduated during the years from 1917-1918 to 1930-1931, 
during which time 19, or 1.1 per cent, acquired pulmonary tuberculosis. 
Presumably students with tuberculosis which became manifest clinically 
during the summer vacation were not included. 


INVESTIGATION OF TUBERCULOSIS AMONG VARIOUS 
STUDENTS 


GRADUATES OF MEDICAL SCHOOLS 


Inquiry was made to determine how many cases of tuberculosis have 
occurred in members of classes that graduated from the medical school 
of the University of Pennsylvania in the three years preceding the 
beginning of the present study, and the information given in table | 
was obtained. 

Trustworthy information concerning all these cases was obtainable 
in all save 3 instances through letters from the graduates who had had 
the disease. Statements from classmates concerning tuberculosis in 3 
other members of these classes were not confirmed by satisfactory evi- 
dence. It is improbable that the list contains the names of all those 
who had tuberculosis. 

The onset of symptoms in 5 of the students enumerated was in the 
third year of the medical course; in 4, in the fourth year, and in 5, 


4. Herman, N. B.; Baetjer, F. H., and Doull, J. A.: Bull. Johns Hopkins 
Hosp. 61:41 (July) 1932. 
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within one or two years after graduation. One had died; 6 still suffered 
with the disease, and 5 were in good health; no information about th« 
health of 2 could be obtained. 

During the four years from 1929 to 1933, 521 students who gradu- 
ated from the medical school of the University of Pennsylvania were 
given roentgenologic examination, and of these 21, or 4 per cent, were 
found to have clinical tuberculosis. Thus the incidence of clinical tuber- 
culosis is high when the results of our survey are considered in the 
same light as those of the surveys aforementioned. However, it is 
noteworthy that some students had symptoms and signs so trivial that 
tuberculosis would probably not have been diagnosed, at least not until 
a later date, if a thorough examination, including the roentgenologic, 
had not been made. Moreover, the class of 1930, examined in our 
survey of 1929-1930, as previously reported, had a higher incidence 
of tuberculosis than the three classes that graduated during our subse- 
quent observations. 


TABLE 1.—Incidence of Tuberculosis Among Students of the Medical School of 
the University of Pennsylvania 


Onset During Onset After 
Medical Course Graduation 


Class of 1927.. 
Class of 1928.. 
Class of 1929.. 


It should be noted that these figures, as in the surveys made else- 
where, include instances of tuberculous disease acquired previous t 
the student’s entrance to the medical school. Moreover, some men are 
included who were transferred from other classes, having dropped from 
their original classes to undergo treatment and having returned to gradu- 
ate with others. 

MEDICAL STUDENTS 

In the examinations reported here, which were undertaken in 1931, 
1932 and 1933, we were able to study the incidence and the progression 
of the lesions that occurred during the medical course. Within this 
period approximately 400 students have passed through the medical 
school. During this time 7 cases of clinical tuberculosis have appeared, 
and, in addition, 12 instances of advanced latent apical tuberculosis 
involving the lung both above and below the clavicle. These results 
indicate that clinical tuberculosis develops in almost 2 per cent of medical 
students during their medical course and that advanced latent infiltra- 
tions that are a serious menace to health develop in 3 per cent. 

The majority of the students with clinical and with extensive latent 
disease were unwilling to discontinue their work, and they completed 
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their medical training and continued their medical careers with only 
slight modifications of their daily routine. Progressive tuberculosis has 
not developed in these men, but that the risk involved is considerable 
is shown by a minority who continued their work but whose disease 
progressed and finally required care in a sanatorium. We are of the 
opinion that many students would have been much safer if they had 
accepted the treatment recommended. 

The significance of tuberculous lesions in medical students based 
on the results of continued examination after graduation will be dis- 
cussed in a later paper. An editorial in The Journal of the American 
Medical Association ® cites the causes of death of physicians concerning 
whom obituary notices were published in that journal in 1932. Only 
68, or slightly more than 2 per cent, of 3,142 physicians were reported 
to have died of tuberculosis. If these figures represent the entire pro- 
fession, including those who may have broken down with tuberculosis 
before beginning or in an early stage of their medical careers, the low 
mortality from tuberculosis suggests that the lesions found in medical 
students usually do not progress or at least do not result fatally. Perhaps 
physicians who have clinical tuberculosis understand better than do other 
patients the necessity for prolonged treatment and are able to obtain 
positions where treatment may be continued while they support them- 
selves by doing part time work. 

Another factor that may influence favorably the outlook for medical 
students with tuberculous lesions is the absence of continuous contact 
with open tuberculosis such as occurs frequently among persons living 
in family groups. In the case of only 1 of the 29 students who have 
had progressive tuberculosis while under our observation was there a 
family history of recent contact with the disease. Another student, 
originally normal roentgenographically, made a daily surgical dressing 
during the summer for a boy with far advanced tuberculosis and 
returned to medical school in the autumn with an extensive latent tuber- 
culous lesion. None of the other students with progressive disease 
had had known contact with pulmonary tuberculosis other than the 
casual contacts unavoidable in their work and life in a large eastern city. 

The results of the examinations of students at Johns Hopkins and 
students at the Western Reserve School of Medicine, as well as the 
examinations of medical students at the Henry Phipps Institute, indicate 
that 2 per cent or more have clinical tuberculosis during their medical 
course. Roentgenologic examinations of medical students at the Henry 
Phipps Institute also showed that an additional 3 per cent have latent 
disease sufficiently advanced to involve the lung both above and below 
the clavicle. 


5. Deaths of Physicians Published in 1932, editorial, J. A. M. A. 100:820 
(March 18) 1933. 
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Results of the Tuberculin Test in Medical Students——In the survey 
made in 1929-1930 we found that the incidence of positive reactions 
to tuberculin among students in the first year of their medical course 
was approximately the same as that among college students, that the 
number of reactions increased in each year of the medical course and 
that in the fourth year almost 100 per cent gave a positive reaction. 

Since our first report students in the different years of the medical 
course have been tested with tuberculin in the academic years 1930-1931, 
1931-1932, and 1932-1933. First year students were tested at the begin- 
ning of the academic year and more advanced students at the end of 
the year. Between serial tests in the first and second years approxi- 
mately eighteen months elapsed, and an interval of one year occurred 
between tests made in the second, third and fourth years. 


TABLE 2.—Results of the Tuberculin Test in Medical Students 
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At the beginning of each year a small number, perhaps 2 or 3 per 


cent, fail to continue with their respective classes, and at the beginning 
of the third year a group of students who have taken the first two 
years of the medical course elsewhere enter the school. This group, 
which comprises from 10 to 15 per cent of the third year class, with 
those who do not continue, is responsible for a slight change in the 
membership of the classes as they advance from year to year. We do 
not believe that the change alters our results significantly. 

The results of these tuberculin tests with those already reported 
are shown in table 2 and in a condensed form in table 3. 

An increase in the percentage of reactors from approximately 85 
per cent of students beginning their first year to 98 per cent or more 
of graduating students is shown. This increase is numerically most 
conspicuous at the end of the second year; such a high percentage of 
third year students react that the increase in the fourth year appears 


slight. 
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During the period of our observation, 471 medical students were 


. . - - . ~ = 
tested in their freshman year, and of this number 405, or 85.9 per cent, 


reacted; 425 were tested in their sophomore year, and 393, or 92.5 
per cent, reacted; 527 were tested in their junior year, and 512, or 97.1 
per cent, reacted; 512 were tested in their senior year, and 504, or 
98.4 per cent, reacted. Concurrently with the steadily increasing inci- 
dence of infection shown by the tuberculin test, an increasing number 
of tuberculous infiltrations were discovered by roentgenograms, although 
no other correlation could be found between the incidence or severity 
of sensitivity to tuberculin and the incidence or course of demonstrable 
lesions (p. 719). 

Soper and Wilson* gave the intracutaneous tuberculin test, using 
1 mg. of old tuberculin, to medical students at Yale University in 1931. 
Of 52 first year students, 40, or 76.9 per cent, reacted, whereas 112, 
or 94.1 per cent, of students in three upper classes reacted. Herman 
and his co-workers* used 0.1 mg. of old tuberculin intracutaneousl) 
TABLE 3.—Percentage of Positive Reactions to Tuberculin in Medical Students 


First Year Second Year Third Year Fourth Year 
eeee 98.2 
ie 96.0 99.2 
94.2 96.9 97.2 
94.1 98.5 98.5 
91.7 97.0 eaee 
90.3 ores 


in a test of medical students at Johns Hopkins University in 1929-1930. 
The incidence of positive reactors was 56.9 per cent in the first year 
class, 77.9 per cent in the second year class, 93.5 per cent in the third 
year class and 91.5 per cent in the fourth year class. Doubtless a some 
what higher percentage would have reacted if 1 mg. had been used. 
These results, as well as our own, suggest that the frequency of tuber- 
culous infection is high among medical students. The results of tuber- 
culin tests of third and fourth year dental students and of fourth year 
law students at the University of Pennsylvania, reported on later in 
the article, are also high and suggest that the opportunities for infection 
of university students in a large eastern city are sufficiently numerous 
to cause positive reactions in almost all after several years’ residence. 
Accordingly, no conclusions have been reached regarding the relative 
frequency of opportunity for tuberculous infection in different profes 
sional schools. 

Results of Roentgenologic Examination of Medical Students.—An 
attempt was made to give serial roentgenologic examinations to all 
medical students during the academic years 1930-1931, 1931-1932 and 
1932-1933 in addition to the examinations made in the year 1929-1930. 
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The results of these examinations for each year are shown in table 3. 
Each class is designated by the year in which the students graduate ; 
for example, in the academic year 1930-1931 the class of 1934 were 
first year students; in 1931-1932 they were second year students, etc. ; 
the classes maintain their identity throughout the medical course, but 
the students in them vary somewhat, as has already been explained 


(p. 713). 
TABLE 4.—Results of Roentgenol 


Number with 
Calcified . 

Foci in the Number Number 
Lungs or with with 
Tracheo- Nonapical Supra- 
bronchial Tuberculous’ clavicular 

Lymph Pulmonary Apical 
Nodes Infiltration Infiltratior 
Class of 1930 
1930 1 
ass of 1 
1929-1930 2 1 1 


1930-1931 


1929-1930 
1930-1931 
1931-1932 


1929-1930 
1930-1931 


Two lesions progressed but did not extend below the clavicle 


. 
+ One lesion progressed but did not extend below the clavicle. 
t One student who dropped from the class with clinical tuberculosis is included. He 
returned and completed his course in 1982; he is represented by the figure in parentheses. 


In table 4 the figures in parentheses to the left of the main column 
represent lesions found in students who entered the class after the first 
year. There were 13 students with lesions of this sort; in no instance 
was any change in the lesion noted at a subsequent examination. The 
figures in parentheses to the right of the main column represent lesions 
found in students in their first year, which lesions later progressed 
and as noted after subsequent examinations are listed in another column 
as more advanced lesions. 

As indicated by the asterisks, 4 students had apical lesions that 
progressed but were limited to the apex of the lung above the clavicle 
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during the period of our observation. Six students whose roentgeno 
grams showed no abnormalities in the freshman year had apical lesions 
limited to the lung above the clavicle that were demonstrated in later 
roentgenograms. Eight students whose roentgenograms in the freshman 
vear showed supraclavicular lesions had progressive lesions that in later 
films were situated both above and below the clavicle, and 11 students 
whose original films showed no abnormalities had lesions situated both 
above and below the clavicle. 

Of the students in the group with more advanced lesions, i. e., both 
above and below the clavicle, 7 had clinical and 12 had latent tuberculosis. 

Incidence of Progressive Tuberculous Lesions During the Medical 
Course—Table 4 is arranged to show the number and extent of the 
lesions found in each successive academic year in the members of the 
same class. A careful review of roentgen films in each instance has 
been made in order to determine whether or not there has been progres 
sion in cases in which the lesion was present when the student entered 
the class and to determine as closely as possible the date of onset in 
instances in which the lesion was not present. The figures in parentheses 
to the left of the main columns represent lesions in students who entered 
the class during the medical course. These lesions are not included 
in the main column of figures. At the right of the main column under 
“supraclavicular apical infiltrations” the figures in parentheses, also not 
included in the main column, represent lesions that progressed and in 
later years were included with the more advanced lesions. It should 
be remembered that the examination of the first year class is made at 
the beginning of the academic year and that examinations of the other 
classes are made toward the end of the academic year. 

By our serial observations we have been able to determine accurately 
the number of instances of manifest and latent tuberculosis that have 
appeared or progressed during a period of almost four years. The 
number of cases of new or progressive tuberculosis found represents 
the incidence of lesions occurring in three medical classes throughout 
their course. The class of 1933 is one of these, having been examined 
in its first year and reexamined in its second, third and fourth years. 
The class of 1934, which was examined in its first year and reexamined 
in its second and third years, with the class of 1931, which was first 
examined in its third year and reexamined in its fourth year, is taken as 
another. Similarly, the class of 1935, examined in its first year and 
reexamined in its second, with the class of 1933, first examined in its 
second year and reexamined in its third and fourth years, is the third. 
Since there are approximately 130 students in each class, the number of 
cases of tuberculosis that develop or progress should represent the num 
ber appearing in about 400 students observed throughout their medical 
course. 
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During the period of our observation, 7 students have had clinical 
pulmonary tuberculosis, and 12 have had extensive tuberculous infil- 
tration, situated both above and below the clavicle but unaccompanied 
by symptoms or physical signs. In addition, 6 students have had apical 
lesions limited to the lung above the clavicle, and 4 others have had 
progressive disease limited to the lung above the clavicle. 

If one assumes that this number of lesions represents the incidence 
of new or progressive disease occurring in 400 students during their 
medical course, 1.75 per cent had clinical tuberculosis ; 3 per cent, exten- 
sive latent apical disease, 1.5 per cent, latent apical tuberculosis limited 
to the lung above the clavicle, and an additional 1.25 per cent, small 
apical lesions that increased in extent but not sufficiently to involve the 
lung below the clavicle. A total of 7.5 per cent of the students had new 
or progressive tuberculous lesions during their medical course. 

A considerable number, approximately 10 per cent, had small apical 
infiltrations that showed no change during our observation. Another 
group, representing from 15 to 20 per cent of the students, had calcified 
foci in the lungs or tracheobronchial lymph nodes, and a few students 
had more advanced infiltrations, in 1 instance manifest, that have not 
shown any change. 

Time of Onset or Progression of Lesions ——The 29 cases of tuber- 
culous lesions that progressed during the period of our examinations 
fall into two groups. On the one hand, 17 have occurred in students 
examination of whom at the beginning of their medical course failed 
to reveal any evidence of apical infiltration in roentgenograms. Of 
the 17 cases in which fresh infiltration developed, 5 were found at the 
second examination, 9 at the third examination and 3 at the fourth 
examination. On the other hand, 12 students with progressive disease 
gave evidence of apical infiltration in the original films. It is by no 
means certain that the increase in disease was a progression of the 
infiltration originally seen. In some instances the shadows in the first 
films were regarded as suspicious only and did not change over a period 
of eighteen or thirty months, the more extensive infiltration appearing 
at the third or fourth examination. It is noteworthy, however, that 
of 6 cases in which the lesion seen at the first examination was unilateral, 
progression occurred on the same side in 5 instances and on the oppo- 
site side in only 1. In 6 instances the original lesion was bilateral. 
Increase in the area of infiltration was diagnosed at the second exami- 
nation in 1 case, at the third examination in 7 cases and at the fourth 
examination in 4 cases. 

As regards tuberculosis, the third year of the medical course appears 
to be most dangerous for the student, for at this time 9 of the 17 cases 
of new lesions appeared and an increase was first seen in 7 of the 12 
cases in which the condition progressed. The first and second years, 
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included in the interval between the first and second examinations, 
produced 5 cases of new lesions and 1 case of progression of a lesion, 
and the fourth year produced 3 cases of new lesions and 4 cases of 
progression. During his third and fourth years, the student encounters 
tuberculosis in the hospital wards and the autopsy room. Even though 
no relation between this exposure and the occurrence of lesions has 
been established, the greater incidence of development of tuberculous 
lesions during this time as compared with the first two years suggests 
the desirability of the utmost precaution in guarding the student against 
infection. It may also be noted that the third year is the most difficult 
of the medical course. Steidl ® analyzed the answers to a questionnaire 
sent to graduates of the Harvard Medical School. More than half 
of the students who reported that tuberculosis had developed during 
their medical course became ill during their third year. 

Incidence of Tuberculous Lesions in Students Entering the Medical 
School.—Four hundred and seventy-one students were examined in the 
first year of their medical course. Of this number, 338, or 71.8 per 
cent, showed no evidence of a tuberculous abnormality on roentgen 
examination; 72, or 15.3 per cent, had calcified foci in the lungs or 
tracheobronchial lymph nodes without other demonstrable tuberculous 
lesions; 61, or 12.9 per cent, had tuberculous lesions at or near the 
apex. Lesions limited to the apex of the lung above the clavicle 
occurred in 54 students, and lesions situated both above and below the 
clavicle occurred in 7 students. We could find no reason for this high 
incidence of apical tuberculous lesions in students entering the medical 
school. 

Incidence of Tuberculous Lesions in Students of the Graduating 
Classes—In the graduating classes, we found that the incidence of 
apical lesions, grouped together, was 25, or 20.5 per cent, in 1930; 
21, or 15.7 per cent, in 1931; 24, or 18 per cent, in 1932, and 25, or 
18.8 per cent, in 1933. When only the more advanced apical lesions 
are considered, it is found that manifest tuberculosis or latent apical 
lesions situated both above and below the clavicle occurred in 14, or 
11.5 per cent, of students who graduated in 1930; in 8, or 6 per cent, 
of students who graduated in 1931; in 7, or 5.3 per cent, of students 
who graduated in 1932, and in 11, or 8.3 per cent, of students who 
graduated in 1933. 

The decreased incidence of the more extensive lesions in students 
of the graduating classes during the three later years may be due to one 
or several factors. We believe that our advice regarding prophylactic 
care given to students with small lesions may have prevented progression 


6. Steidl, J.: Tuberculosis Among Medical Students, Am. Rev. Tuberc. 26: 


98 (July) 1932. 








HETHERINGTON ET AL—TUBERCULOSIS 719 


of the lesion, at least in some instances. Moreover, after the results 
of our first survey were reported, it is very unlikely that any student 
with tuberculosis whose sputum contained tubercle bacilli lived in con- 
tact with other students, for the possibility of contagion was recognized 
by the students, and those whose sputum contained tubercle bacilli 
were quickly placed under treatment. Although we believe that these 
factors may have played a part in preventing the development of exten- 
sive lesions during the years 1931, 1932 and 1933, it is also recognized 
that the graduating class of 1930 probably exhibited an unusually high 
incidence of extensive lesions. 

Attempt to Correlate the Results of the Tuberculin Test and Those 
of the Roentgen Examination——We have found no correlation between 
the results of the tuberculin test and those of the roentgen examination. 
Approximately 15 per cent of the first year students failed to react 
to 1 mg. of old tuberculin, and 2 students from this group later had 
latent lesions that were situated both above and below the clavicle. 
At the time that these lesions were demonstrated roentgenologically 
both students reacted to 0.01 mg. of old tuberculin; there was nothing 
unusual about the extent or the course of the lesion in either patient. 
Fifteen tuberculous lesions developed in students who reacted to tuber- 
culin at their first examination. The intensity of the original 
reaction varied from +--+ to 0.01 mg. of tuberculin to + to 1 mg. 
and appears to have had no definable influence on the extent or character 
of the lesion that subsequently developed. The results in this small 
group do not indicate that there is a significant variation between the 
students giving a negative reaction to tuberculin and those giving a 
positive reaction in their liability to the development of tuberculous 
lesions. 

Ten of the 11 students with progressive disease reacted to tuberculin 
at the time that the lesion was first demonstrated in roentgen films. 
Six reacted to 0.01 mg.; 2 to 0.1 mg., and 2 to 1 mg. One student 
with a supraclavicular infiltration did not react to 1 mg. of old tuber- 
culin, but later, when an increase in the extent of the lesion was dem- 
onstrated, he reacted to 1 mg. The severity of the reaction to tuberculin 
has not been of value in selecting the lesions that progressed. 

Tuberculosis with Sputum Containing Bacilli—Of the 7 students 
with clinical tuberculosis, 2 had sputum containing tubercle bacilli, 2 
had sputum that failed to show tubercle bacilli and 3 raised little sputum. 
One student in the class of 1931 with a progressive latent lesion had 
tubercle bacilli in the sputum a few months after graduation, and 2 other 
students in the same class who had latent lesions that remained unpro- 
gressive during their fourth vear have since had tubercle bacilli in the 


sputum. 
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DENTAL STUDENTS 

A number of dental students were examined in 1930-1931 to deter- 
mine the incidence of tuberculous infection and tuberculous lesions 
among them. Table 5 shows the results of the tuberculin tests, and 
table 6, the results of roentgenologic examinations presented in a manner 
similar to that used in the tables for medical students. 

The number of dental students reacting to tuberculin, shown in 
table 5, is high. In the third year, 88 per cent of 83 students reacted, 
and in the fourth year, 100 per cent of 45 students. This result sug- 
gests that there is as much opportunity for acquiring tuberculous infec- 


TasBle 5.—Results of the Tuberculin Test in Dental Students 


Number of Percentage of 
Positive Positive 
Year Number Tested Reactions Reactions 


Third Sehegtatenaa , 83 73 88.0 
Fourth sae ’ 45 45 100.0 


128 118 92.1 


of Roentgenologic Examinations of Dental Students 


Number 
with 
Calicified Number 
Foci in the Number Number with 
Lungs or with with Supra- 
Tracheo- Nonapical Supra- clavicular Number 
bronchial Tuberculous’ clavicular and Infra with 
Lymph Pulmonary Apical elavicular Manifest 
Nodes Infiltration Infiltration Infiltration Tuberculosis 
5 1 ¢ 0 0 
9 0 1 0 


14 1 1 0 


tion in the dental as in the medical school. On the other hand, only 1, 
or 0.8 per cent, of the 128 students had an advanced apical infiltration, 
that is, situated above and below the clavicle, and 11, or 8.6 per cent, 
had an apical infiltration limited to the lung above the clavicle. A 
comparison indicates that the incidence of apical lesions is approximately 
twice as high in medical students and that the more extensive infiltra- 
tions occur much less frequently in dental than in medical students; 
however, the number of dental students is small. 


LAW STUDENTS 


A number of students in the final year of the law school were exam- 
ined. These students were of approximately the same age as the 
graduating medical students, the majority being 23, 24 and 25 years 
old. Seventy-two were tested with tuberculin, and 70, or 97.2 per cent, 
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reacted. Eighty-three students were given roentgenologic examinations. 
Three, or 3.6 per cent, had calcified foci of the lungs or tracheobronchial 
lymph nodes; 1, or 1.2 per cent, had latent nonapical tuberculous 
lesions of the lung, and 4, or 4.8 per cent, had apical lesions limited 
to the apex of the lung above the clavicle. A more advanced infiltration 
occurred in 2 patients (2.4 per cent). One of these had moderately 
advanced tuberculosis, and the other had apical disease, extending below 
the clavicle, which became manifest clinically within a few months of 
graduation. The percentage of law students who reacted to tuberculin 
is almost as high as the percentage of medical students who reacted. 
However, the results of this limited number of examinations suggest 
that the incidence of apical disease is decidedly less in law students 
than in medical students. They also suggest that the occurrence of 
serious disease is by no means rare among law students. 


THE CAUSE OF THE HIGHER INCIDENCE OF TUBERCULOUS 
INFECTION IN MEDICAL STUDENTS 

The observations reported have shown that tuberculosis was more 
frequent and much more severe in the medical students than in the 
law students or the dental students examined. In first year medical 
students the incidence of tuberculous lesions at or near the apex of the 
lung recognizable by roentgenographic examination has been more than 
12 per cent. Almost all of these lesions have involved only a small 
amount of pulmonary tissue, and very few have changed during the 
period of our observation (table 4). In the second year the incidence 
of apical lesions has increased slightly. The greatest change is between 
the second and the third year, and in the third and fourth years a 
considerable number of students have had clinically manifest tubercu- 
losis. Several possible explanations of the high incidence of tuberculosis 
in medical students suggest themselves. 

It is doubtful whether the intensive work demanded of them, with 
the often continuous sequence of lectures and laboratory periods during 
the working day, affords an adequate explanation. The burden of work 
that medical students carry is doubtless considerable but does not satis- 
factorily account for impaired health. 

Since a large part of the medical students lived in fraternity houses, 
it was thought possible that living conditions might explain the trans- 
mission of infection. Visits to the living quarters in these houses, how- 
ever, revealed no crowding or other condition that could be regarded 
as favorable to the development of the disease. The residents of each 
house were listed and roommates were identified, but no evidence that 
the disease occurred in foci or was transmitted by contact within the 


fraternity houses could be obtained. 
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Medical students are first exposed to possible contact with tubercu- 
losis during the second year of the medical course, when they study 
gross pathology in the autopsy room and in the pathologic laboratory. 
Later, during the third and fourth years, they for the first time have 
contact with patients with tuberculosis in the general and special dis- 
pensaries for tuberculosis, in the general hospital and in the special 
hospitals for tuberculosis. 

Observations made at the Henry Phipps Institute by Mrs. A. E. 
Augustine have shown that the dust in the homes of persons suffering 
from open pulmonary tuberculosis not infrequently contains viable tuber- 
cle bacilli demonstrable by inoculation’ of guinea-pigs. The presence 
of tubercle bacilli in dust is presumably a crude index of the danger to 
which persons in these households are subjected. Mrs. C. D. Gallagher 
has used a similar method to determine whether tubercle bacilli are 
demonstrable in the dust of class rooms, autopsy rooms, dispensary 
rooms and hospital wards where students might come in contact with 
tubercle bacilli. 

Dust collected on sterile filter paper with a sterile camel’s hair paint-brush 
from the surfaces of tables, chairs and other furniture or from the floor was 
transferred to a wide test tube, from which it was sifted through no. 10 silk 
bolting-cloth into a second smaller test tube temporarily attached to the first by a 
rubber stopper. 

Of the filtered dust, 0.5 Gm. was weighed out and mixed with 5 cc. of sterile 
physiologic solution of sodium chloride; 2 cc. of this suspension was transferred 
to each of two test tubes. To one tube was added 4 cc. of sterile saline solution, 
and two guinea-pigs were inoculated subcutaneously, each with 3 cc. of this 
suspension. To the second tube containing 2 cc. of the original material was added 
2 cc. of 3 per cent sodium hydroxide. The mixture was thoroughly shaken and 
incubated at 37 C. for thirty minutes. After incubation it was neutralized with 
6 per cent hydrochloric acid, and the volume was made up to 6 cc. by the addition 
of a physiologic solution of sodium chloride. Two guinea-pigs were inoculated 
subcutaneously, each with 3 cc. of the treated dust suspension. Ninety days after 
the injection of the dust the guinea-pigs were killed. 


Table 7 shows the frequency with which dust from various sources 


contained tubercle bacilli fatal to guinea-pigs. 

No tubercle bacilli were found in the dust collected in the amphi- 
theater where many of the lectures to students are given, and, none 
were obtained from the students’ laboratory of pathology, but in dust 
collected from one of the tables in an adjacent room used for demon- 
strations in gross pathology tubercle bacilli were found. The number 
of tubercle bacilli was evidently small, since tuberculosis developed in 
only 1 of the 20 animals inoculated with this dust. Examination of 
the dust from three rooms where students attend autopsies was made, 


7. Augustine, A. E.: Transfer of Tuberculosis by Dust and Other Agents, 
J. Prev. Med. 3:121 (March) 1929. 
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and in 1 instance tubercle bacilli were found in dust collected at the 
base of an autopsy table. Dust from three wards in which tuberculous 
patients are treated was examined. One of the wards was in a new, 
well equipped building for women with tuberculosis; no tubercle bacilli 
were found. Two wards for men were in an old building that has 
recently been abandoned and replaced. In both of these wards tubercle 
bacilli were found in all save one of five specimens of dust collected 
from the floors; dust collected from the surface of the furniture in 
these wards has not produced tuberculosis in guinea-pigs. Dust collected 
from two examining rooms in the dispensary of the Henry Phipps 
Institute, where students are taught physical diagnosis of pulmonary 
tuberculosis, contained no tubercle bacilli. 


TABLE 7.—Results of Inoculation of Guinea-Pigs with Dust from Rooms 
Frequented by Medical Students 


Dust Treated with 
Untreated Dust Sodium Hydroxide 
A = — ————_—_ A. — SN 
Number Number 
Number- That Died Number That Died 
of with of with 
Guinea- Tubercu Guinea- Tubercu- 
I 


losis igs losis 


tee rer re ree * pathology 
Demonstration room for gross pathology 
Autopsy room (Pennsylvania Hospital)... 
Autopsy room (University Hospital) 
Autopsy room (Philadelphia General Hosp.) 
Men’s tuberculosis ward 1, Philadelphia Gen- 
eral Hospital 
Men’s tuberculosis ward 2, Philadelphia Gen- 
eral Hospital 
Women’s tuberculosis ward, 
General Hospital 
Examining room for white tuberculous pa 
tients, Henry Phipps Institute 
Examining room for Negro tuberculous pa- 
tients, Henry Phipps Institute 


SUMMARY 

The incidence of positive reactions to tuberculin among medical, 
dental and law students is high. In the graduating classes it approxi- 
mates 100 per cent. 

The incidence of tuberculous lesions at the apex of the lung, demon- 
strated in roentgen films, was from 15 to 20 per cent in four graduating 
medical classes, including, in all, 521 students. 

The more advanced ination: situated both above and below the 
clavicle and sometimes producing symptoms or physical signs, occurred 


in 11.5 per cent of the graduating medical class of 1930, in 6 per cent 
of the class of 1931, in 5.3 per cent of the class of 1932 and in 8.3 
per cent of the class of 1933. Corresponding figures for graduating 
dental and law students were 2.2 per cent and 2.4 per cent, respectively. 
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The decreased incidence of more advanced lesions among medical 
students in the three later years may have been due, in part at least, 
to suitable prophylactic care taken by the students with small lesions. 
Moreover, after our first examination contact among the students with 
persons whose sputum contained tubercle bacilli was presumably 


ruled out. 

After an interval of eighteen months following a first examination 
three annual reexaminations were made in order to observe the progress 
of lesions and the incidence of new lesions that occurred during the 
medical course. Four hundred men were thus reexamined, comprising 
the equivalent of three classes observed throughout their four years’ 
work. More frequent examinations of individual students were made 
when indicated. 

Under the conditions of our survey, in 17 students the first exami- 
nation of whom revealed no abnormalities apical infiltration that was 
considered tuberculous developed, and 12 students who had apical infil- 
tration at the first examination showed progression of their disease. 
Within this period of observation 1.75 per cent of students had clinical 
tuberculosis; 3 per cent had advanced latent lesions occupying the apex 
of one or both lungs, both above and below the clavicle; 1.5 per cent 
had apical lesions limited to the lung above the clavicle, and 1.25 showed 
a slight progression in apical lesions limited to the lung above the clavi- 
cle. A total of 7.5 per cent of medical students had new lesions or 
showed progression in old lesions during their medical course. 

Small lesions frequently, and more advanced lesions less frequently, 
found in students when they entered the medical school persisted 
unchanged throughout the medical course. 

The occurrence of new lesions and the progression of old lesions 
were more frequent in the third year of the medical course than in 
the other three years combined. 

Observations recorded in this paper show that medical students 
come into contact with tubercle bacilli under conditions that expose them 
to danger of infection, but it is uncertain whether this exposure actually 
produces latent or manifest disease. Nevertheless, the facts show the 
desirability of extreme care to prevent contamination of student work 
rooms with tubercle bacilli. 

Comparison of the incidence of tuberculous lesions in a small num- 
ber of dental and law students with those in the medical students shows 
that apical disease was about twice as frequent in the medical students 
and that the more advanced apical lesions occurred much more fre- 
quently among them. 
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EXAMINATION AND REEXAMINATION OF UNIVERSITY 
STUDENTS DURING THEIR MEDICAL COURSE 


Method.—The tuberculin test consisted of intracutaneous injections of 0.01, 
(.1 and 1 mg. of standardized old tuberculin. Roentgen examination was made with 
stereoscopic films in the anteroposterior position, with additional views in other 
positions when indicated. 

In the protocols given later the levels of the ribs and interspaces mentioned 
in describing the extent of the lesions refer to the posterior aspect of the thorax 
unless otherwise stated. The weight of the student is expressed as a percentage 
of the normal weight for sex, age and height. The age given is the age of the 
student at his first examination. 

The diagrams in figure 1 show the extent of the lesions appearing on reexamina- 
tion in 17 students whose lungs had appeared normal in roentgen films at their 
first examination. The diagrams in figure 2 show the extent of progressive lesions 
in 12 students at the first examination and at a reexamination. 


CLASS OF 1931 


Case 1—An American man, aged 24, was first examined in April 1930. The 
weight was 101 per cent. The reaction to 0.01 mg. of old tuberculin was + 
Roentgen examination was considered to show no abnormalities. There was no 
known contact with tuberculosis. 

Reexamination in April 1931 revealed a slight irregular shadow in the second 
interspace on the right, suggesting a thickened pleura. On the left there were 
shadows in the form of salients projecting into the pulmonary field below the 
second rib. There was a moderately dense infiltration consisting of spots and 
strands between the anterior levels of the second and fourth ribs. Physical 
examination showed restricted movement and diminished resonance over the left 
apex. 

The diagnosis was minimal pulmonary tuberculosis. 

Case 2.—An American man, aged 23, was first examined in April 1930. The 
weight was 95 per cent. The reaction to 0.01 mg. of old tuberculin was +. Roentgen 
examination of the lungs showed a scanty infiltration above the clavicle on the 
right side. 

The diagnosis was latent apical tuberculosis. 

Reexamination in April 1931 revealed infiltration consisting of soft spots and 
strands above the clavicle on the right side and above and below the clavicle 
on the left side. 

The diagnosis was progressive latent tuberculosis. 

Tubercle bacilli were found in the sputum a few months after graduation. 


CLASS OF 1932 


Case 3.—An American man, aged 26, was first examined in February 1930. The 
weight was 81 per cent. The reaction to 0.01 mg. of old tuberculin was +. Roentgen 
examination was considered to show no abnormalities. There was no known 
contact with tuberculosis. 

Reexamination was made in April 1931. The student said that for several 
days in March 1931 on breathing he had a sharp pain in the right side of the 
chest. Roentgen examination revealed an area of moderately dense infiltration, 
consisting of confluent spots, at the anterior level of the third interspace and 
the fourth rib and interspace toward the axilla on the right side. In the left 
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Fig. 1—Diagrams showing the extent of the lesions appearing on reexamination 
in 17 students whose lungs had appeared normal in roentgenograms at their first 
examination. 
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Fig. 2—Diagrams showing the extent of progressive lesions in 12 
at the first examination and at a reexamination. 
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lung there were scanty spots of infiltration in the second posterior interspace and 
moderately dense soft spots at the anterior level of the first interspace. 

The diagnosis was minimal pulmonary tuberculosis. 

The student remained at work under supervision until January 1932, when 
he had several small hemorrhages and tubercle bacilli were found on examination 
of the sputum. 

Case 4.—An American man, aged 24, was first examined in February 1930. 
The weight was 96 per cent. The reaction to 0.01 mg. of old tuberculin was 
There were no physical signs. Roentgen examination showed slight thickening 
of the pleura at the left apex with slight shadows in the form of salients pro 
jecting into the pulmonary field in the second posterior interspace. 

The diagnoss was latent apical tuberculosis. 

Reexamination was made in April 1931. Roentgen examination showed several 
calcified foci in the lymph nodes at the hilus of the right lung. On the left side 
there were salients in the second posterior interspace and moderately dense infil- 
tration consisting of soft confluent spots in the third, fourth, fifth and sixth 
interspaces. There were diminished resonance and diminished expansion wit! 
bronchovesicular breath sounds at the apex of the left lung. The temperature 
during the evening reached from 99 to 99.5 F. The student cleared his throat 
but had no other symptoms. 

The diagnosis was minimal pulmonary tuberculosis. 

The student gave up plans for work and rested during the summer of 1930. 
He returned for his senior year still complaining of elevation of temperature and 
clearing of his throat. At this time the lesion was more strandlike in appearance. 
Rigid restriction of activities, increased hours of rest and change of diet were 
advised, and the student was permitted to continue with his senior year. Roentgen 
examination in November 1931 and in February 1932 showed a definite increase in 
the extent and density of the lesion. In February the patient complained of a 
slight cough and blood-streaked sputum as well as slight fever. The sputum did 
not reveal tubercle bacilli. The patient was admitted to a sanatorium in March 1932. 


CasE 5.—An American man, aged 26, was first examined in February 1930. The 
weight was 116 per cent. The reaction to 1 mg. of old tuberculin was 
Roentgen examination of the lungs revealed no abnormalities. 

Reexamination was made in April 1931. Roentgen examination showed scanty 
salients in the second posterior interspace with an infiltration consisting of ill 
delimited soft spots at the anterior level of the first interspace on the left side. 
There were no symptoms and no physical signs. 

The diagnosis was latent apical tuberculosis. 

The student was given advice regarding rest; he continued his medical course 
under supervision. 

Reexaminations in March and December 1932 still showed the infiltration in 
the same area as before. Its appearance still suggested that it was not a’stable 
lesion and that it might progress. 

Case 6—An American man, aged 24, was first examined in February 1930. 
The weight was 90 per cent. The reaction to 0.01 of old tuberculin was negative. 
Roentgen examination of the lungs revealed no abnormalities. 

At reexamination in April 1931 thickening of the pleura was seen at the right 
apex with small salients below the second rib. In the left lung, between the 
posterior levels of the sixth and eighth ribs, there was infiltration consisting of 
confluent soft spots. There were no symptoms and no physical signs. 

The diagnosis was latent apical tuberculosis. 

This student continued with his medical course. Roentgen examinations in May 
and September 1931 and March 1932 showed complete clearing of the lesion 
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on the leit side. In films taken in June 1932 and January 1933 the apical lesion on 
the right persisted unchanged. 


Case 7—An American man, aged 23, was first examined in March 1930. 
The weight was 100 per cent. The reaction to 0.01 mg. of old tuberculin was +. 
Roentgen examination showed thickening of the pleura at the apex of the 
right lung with densities shaped like salients projecting’ into the pulmonary field 
in the second posterior interspace. In addition, there were two peripheral nodules 
and four calcified areas at the hilus of the right lung. There was a similar pleural 
thickening at the apex of the left lung. There were no symptoms and no physical 
signs. 

The diagnosis was latent apical tuberculosis. 

Reexamination of this student in January 1931 showed infiltration consisting 
of moderately dense soft spots at the second and third interspaces above the 
clavicle and in the fourth interspace posteriorly below the clavicle. There were 
still no physical signs. 

The diagnosis was progressive latent apical tuberculosis. 

The student was advised to restrict his activities as much as possible consistent 
with his work. 

Reexaminations in March and June 1931 and in April 1932 showed marked 
clearing of the lesion, although it was not yet wholly strandlike at the last 
examination. 

Case 8.—An American Negro, aged 25, was first examined in February 1930. 
The weight was 98 per cent. The reaction to 0.1 mg. of old tuberculin was +. 
Roentgen examination of the lungs revealed no abnormalities. 

Reexamination in May 1931 revealed an infiltration on the right side consist- 
ing of confluent spots above the clavicle in the posterior second and third inter- 
spaces. There were no symptoms and no physical signs. 

The diagnosis was latent apical tuberculosis. 

Reexaminations in June, September and December 1931, March 1932 and 
February, May and September 1933 showed a gradual decrease in the extent of 
the lesion, which became almost wholly strandlike in appearance. 

Case 9—An American man, aged 23, was first examined in February 1930. 
The weight was 98 per cent. The reaction to 0.1 mg. of old tuberculin was +. 
Roentgen examination of the lungs revealed no abnormalities. 

Reexaminations in April 1931 and March 1932 showed slight thickening of 
the pleura at the left apex with a strandlike infiltration projecting into the lung 
in the second posterior interspace. There were no symptoms. 

The diagnosis was latent apical tuberculosis. 

Reexamination in April 1933 showed no change. 

Case 10.—An American man, aged 22, was first examined in February 1930. 
The weight was 88 per cent. The reaction to 0.01 mg. of old tuberculin was + +. 
Roentgen examination showed small salients below the second posterior rib 
at both apexes. 

At reexamination in May 1931 there was no definite change. In March 1932 
roentgen examination showed, on the right side, in additon to the salients, soft 
and confluent spots in the second and third posterior interspaces above the clavicle. 
Films in April and June 1932 showed an increase in the extent and density of this 
lesion. 

The diagnosis was progressive latent apical tuberculosis. 

Case 11—An American Jew, aged 22, was first examined in February 1930. 
The weight was 85 per cent. The reaction to 0.01 mg. of old tuberculin was +. 
Roentgen examination showed scanty strandlike infiltration at the apexes of both 
lungs. 
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Reexamination in April 1931 confirmed the previous observations. 

The diagnosis was latent apical tuberculosis. : 

Reexamination in March 1932 showed thickening of the pleura at the apex 
of the right lung with strands and spots in the second and third posterior inter- 
spaces above the clavicle. There were three small calcified spots near the hilus 
of the lung. The left side was unchanged. There were no symptoms and n 
physical signs. 

The diagnosis was progressive latent apical tuberculosis. 


CLASS OF 1933 

Case 12.—An American man, aged 22, was first examined in December 1931. 
The weight was 100 per cent. The reaction to 0.1 mg. of old tuberculin was + 
Roentgen examination showed a calcified area at the right hilus. 

At a reexamination in March 1932 roentgen films showed very slight, indefinit 
shadows in the second posterior interspace at the left apex. In October there 
was a moderately dense infiltration consisting of confluent spots as low as the 
posterior level of the sixth rib. During the summer of 1932 the student had an 
illness characterized by indigestion, elevation of temperature and cough. He was 
in bed for two months. 

The diagnosis was minimal pulmonary tuberculosis. 

The student continued with his medical course, but his lesion gradually increased 
in density, and in March his sputum contained tubercle bacilli. 


Case 13—An American man, aged 21, was first examined in March 1930 
The weight was 96 per cent. The reaction to 0.01 mg. of old tuberculin was +4 
Roentgen examination showed slight thickening of the pleura at the apex of th 
right lung with salients in the second posterior interspace and thickening of the 
pleura and salients at the apex of the left lung. 

Reexamination in April 1931 showed no definite change. 

The diagnosis was latent apical tuberculosis. 

In March 1932 another roentgen examination showed no change in the lesions 
at the apexes. At the base of the left lung there was a dense shadow obscuring 
the costophrenic sulcus. This shadow was 2.5 cm. in thickness and appeared t 
be due to a localized thickening of the pleura. The breath sounds, movement and 
resonance were diminished at the base of the left lung. The student stated that 
he had had some pain in this area several months before examination. 

The diagnosis was minimal pulmonary tuberculosis. 

At reexaminations in April, May, September and November 1932 a decrease 
was observed in the density at the base of the left lung. In February a painful, 
fluctuating swelling developed over the sixth and seventh ribs in the axilla. This 
swelling, 7 cm. in diameter, was situated exactly at the level of the lesion as 
shown in the roentgen films. 

The diagnosis was tuberculous abscess probably with caries of the rib. , 


CasE 14.—An American man, aged 20, was first examined in March 1930 
The weight was 101 per cent. The reaction to 0.1 mg. of old tuberculin was + 
Roentgen examination showed slight thickening of the pleura at the apex of the 
right lung with small salients in the second posterior interspace. There were 1 
symptoms and no physical signs. 

The diagnosis was latent apical tuberculosis. 

In May 1931 physical and roentgen examinations showed no change. In March 
1932 roentgen examination showed the same appearance at the apex of the right 
lung above the clavicle. In addition, there was moderately dense infiltration 
made up of confluent spots between the levels of the fourth and eighth ribs 
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posteriorly. The student said that he had had a slight cough beginning in December 
1931, with clearing of the throat. The cough gradually increased in severity, 
and the student consulted a physician, but the disease remained undiagnosed 
because no physical signs were present. The sputum did not contain tubercle bacilli. 

The diagnosis was moderately advanced pulmonary tuberculosis. 

The student was confined to bed at home from May to September and completed 
his college course, restricting his activities as much as possible. Symptoms dis- 
appeared during the summer of 1932, and the student remained free from symptoms 
throughout his senior year. 

Case 15.—An American man, aged 21, was first examined in March 1930. 
The weight was 98 per cent. The reaction to 1 mg. of old tuberculin was negative. 
Roentgen examination of the lungs showed no abnormalities. 

Reexamination was made in May 1931. The reaction to 0.01 mg. of old 
tuberculin was ++ -+. Roentgen examination showed, at the apex of the right 
lung, a few small spots in the second posterior interspace and somewhat scanty 
infiltration made up of soft, ill delimited spots at the anterior levels of the first 
and second interspaces. There were no symptoms and no physical signs. 

The diagnosis was latent apical tuberculosis. 

Reexaminations in March and April 1932 and April 1933 showed a slight 
increase in the extent and density of the lesion both above and below the clavicle 
on the right side and also a few soft spots above the clavicle on the left side. 

Case 16—An American man, aged 22, was first examined in March 1930. The 
weight was 89 per cent. The reaction to 1.0 mg. of old tuberculin was negative. 
Roentgen examination of the lungs revealed no abnormalities. 

Reexamination was made in May 1931. The reaction to 0.01 mg. of old 
tuberculin was +. Roentgen examination showed a small area of confluent spots 
toward the axilla in the fourth posterolateral interspace on the left side. There 
were also a few ill delimited spots just below the clavicle in the mesial portion 
of the fourth interspace and a few strands at the apex above the clavicle. There 
were no symptoms and no physical signs. 

The diagnosis was latent apical tuberculosis. 

Reexaminations in March, April and May 1932 showed an increase in the 
extent of the lesion above the clavicle and in the third, fourth and fifth inter- 
spaces. This student submitted to strict rest in bed during the summer of 1932. 
Roentgen examination in June, July, September and October 1932 and in January 
and March 1933 showed slight clearing with an increase in the sharpness of 
the definition of the lesion. 

Case 17—An American man, aged 21, was first examined in April 1930. 
The weight was 99 per cent. The reaction to 0.01 mg. of old tuberculin was + +. 
Roentgen examination of the lungs revealed no abnormalities. 

At a reexamination in May 1931 no abnormality was found. In March 1932 
roentgen examination showed, in the right lung, at the anterior level of the third 
interspace toward the axilla, an area of scanty infiltration consisting of ill 
delimited spots and strands; on the left side, at the anterior level of the second 
and third interspaces, there was a small area of moderately dense infiltration 
consisting of confluent spots. Reexamination in April 1932 showed a decrease in 
the density of the lesion in the left lung with a definite increase in the lesion 
at the anterior level of the third interspace on the right side and, in addition, the 
appearance of a few spots at the apex of the lung above the clavicle. 

The diagnosis was latent apical tuberculosis. 

At a reexamination in June 1932 a decided increase was observed both in the 
density and in the extent of the lesion at the apex of the right lung. The student 








732 ARCHIVES OF INTERNAL MEDICINE 


rested during the summer of 1932. Reexaminations were made in March and 
September 1932 and in February, March and May 1933. The tesion did not 
change in extent during this time, and its roentgen appearances indicated that it 
was still unstable. The student, however, completed his senior year without the 
development of symptoms. 

Case 18.—An American man, aged 22, was first examined in May 1930. The 
weight was 95 per cent. The reaction to 0.01 mg. of old tuberculin was 
Roentgen examination of the lungs showed no abnormalities. 

At a reexamination in April 1931 and in May 1932 no abnormalities wer 
found. In April 1933 roentgen examination showed a small area of ill delimited 
spots in the mesial half of the apex of the right lung, in the second and third 
interspaces posteriorly. At the apex of the left lung there were a few scattered 
spots above the clavicle and moderately dense infiltration consisting of flocculent 
spots at the anterior levels of the first and second interspaces toward the axilla 
There were no symptoms and no physical signs. 

The diagnosis was latent apical tuberculosis. 

Case 19.—An American woman, aged 26, was first examined in May 1930 
The weight was 79 per cent. The reaction to 1 mg. of old tuberculin was +. 
Roentgen examination showed a calcified nodule and a calcified area at the hilus 
of the left lung. There were a few scattered strands above the clavicle and at 
the anterior levels of the second and third interspaces toward the axilla. There 
were no symptoms and no physical signs. 

The diagnosis was latent apical tuberculosis. 

At a reexamination in May 1931 the reaction to 0.01 mg. of old tuberculin 
was +--+. Roentgen examination showed no change. In April and May 1932 
roentgen examination showed an increase in the infiltration at the anterior levels 
of the second and third interspaces toward the axilla. There were no symptoms 
and no physical signs. Reexamination in- September 1932 showed that the lesion 
on the left side was unchanged and that there was, on the right side, at the anterior 
level of the third interspace, a moderately dense soft spot about 2 cm. in diameter. 
Reexamination in November 1932 and April 1933 showed apparently complete 
clearing of this spot of infiltration; the infiltration on the left side had also 
decreased. 

Case 20.—An American man, aged 21, was first examined in May 1930. The 
weight was 90 per cent. The reaction to 1 mg. of old tuberculin was +. Roentgen 
examination showed slight infiltration in the second posterior interspace on the 
left side. There were no symptoms and no physical signs. 

The diagnosis was latent apical tuberculosis. 

At a reexamination in May 1931 no change was found. In March and April 
1932 roentgen examination showed, on the right, a small area of infiltration 
in the second posterior interspace above the clavicle and an area of ill delimited 
spots measuring 6 by 4 cm. at the posterior levels of the fourth and fifth inter- 
spaces toward the axilla. At the left apex there was thickening of the pleura 
with salients projecting into the pulmonary field. There were no symptoms 
and no physical signs. Reexamination in April 1933 showed slight clearing 
of the infiltration below the clavicle on the right side. Bilateral infiltration in the 
second posterior interspace was still present. 

Case 21.—An American man, aged 25, was first examined in April 1930. The 
weight was 91 per cent. The reaction to 1 mg. of old tuberculin was +. Roentgen 
examination of the lungs showed no abnormalities. 

At reexaminations in May 1931 and March 1932 no definite abnormality was 
found. Reexamination was made in April 1933. The reaction to 0.01 mg. of 
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old tuberculin was +-+-+. Roentgen examination showed slight thickening 
of the pleura in the second posterior interspace on the right and on the left 
side a small area of ill delimited spots at the posterior level of the first inter- 
space. There were no symptoms and no physical signs. 

The diagnosis was latent apical tuberculosis. 

Case 22—An American man, aged 20, was first examined in May 1930. The 
weight was 94 per cent. The reaction to 0.1 mg. of old tuberculin was + +. 
Roentgen examination showed very scanty ill delimited spots at the apexes of both 
lungs and at the second and third posterior interspaces. 

Reexaminations in May 1931 and March 1932 showed no change. In April 
and May 1933 roentgen examination showed ill delimited spots and strands at the 
posterior second and third interspaces above the clavicle on both sides. 

The diagnosis was progressive latent apical tuberculosis. 


CLASS OF 1934 

Case 23.—An American man, aged 21, was first examined in November 1930. 
The reaction to 0.1 mg. of old tuberculin was + -+-+. Roentgen examination 
of the lungs revealed no abnormalities. 

Reexamination in January 1932 showed infiltration consisting of somewhat scanty 
spots and strands above and below the clavicle in the second, third and fourth 
interspaces on the left side. There were no symptoms and no physical signs. 

The diagnosis was latent apical tuberculosis. 

Case 24.—An American man, aged 21, was first examined in December 1930. 
The weight was 92 per cent. The reaction to 0.01 mg. of old tuberculin was +. 
Roentgen examination of the lungs gave negative results. 

At a reexamination in January 1932 no abnormality was found. In February 
1933 roentgen examination showed faint, ill delimited spots above the clavicle 
in the third posterior interspace and below the clavicle in the fifth posterior 
interspace. On the left side there were faint salients in the second posterior inter- 
space and moderately dense flocculent spots at the posterior fourth rib and 
interspace and a small area of consolidation in the fourth and fifth interspaces 
toward the axilla. There were no symptoms and no physical signs. 

The diagnosis was latent apical tuberculosis. 


Case 25.—An American man, aged 20, was first examined in December 1930. 
The weight was 92 per cent. The reaction to 0.1 mg. of old tuberculin was + +. 
Roentgen examination of the lungs showed no abnormalities. 

In January 1932 another roentgen examination showed faint salients and 
soft spots in the second posterior interspace on the right side. There were no 
symptoms and no physical signs. A diagnosis of latent apical tuberculosis was 
made. Reexamination in February 1933 showed moderately dense infiltration 
consisting of confluent spots above the clavicle in the second and third posterior 
interspaces. 

The diagnosis was progressive latent apical tuberculosis. 

Case 26—An American man, aged 21, was first examined in November 1930. 
The weight was 101 per cent. The reaction to 0.1 mg. of old tuberculin was + +. 
Roentgen examination of the lungs revealed no abnormalities. 

At a reexamination in January 1932 no abnormality was found. In February, 
March and May 1933 roentgen examination showed thickening of the apical 
pleura with salients in the second posterior interspace. 

The diagnosis was latent apical tuberculosis. 
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Case 27.—An American man, aged 22, was first examined in November 1930 
The weight was 100 per cent. The reaction to 1 mg. of old tuberculin was negative. 
Roentgen examination of the lungs showed thickening of the apical pleura with 
slight salients in the second posterior interspace on the right side. There were 
no symptoms and no physical signs. 

The diagnosis was latent apical tuberculosis. 

At a reexamination in January 1932 the reaction to 1 mg. of old tuberculin 
was negative. The roentgen appearance was unchanged. In October 1932 the 
reaction to 1 mg. of old tuberculin was ++, and roentgen examination showed, 
in addition, moderately dense confluent spots in the second and third posterior 
interspaces. Reexamination in December 1932 and March and May 1933 showed 
no definite change. 

The diagnosis was latent apical tuberculosis. 


CLASS OF 1935 


Case 28.—A Spanish-American man, aged 21, was first examined in October 
The weight was 95 per cent. The reaction to 0.01 mg. of old tuberculin was + + +4 
Roentgen examination showed soft ill delimited spots above the clavicle on th« 
right and salients in the second posterior interspace on the left. There were no 
symptoms and no physical signs. 

The diagnosis was latent apical tuberculosis. 

At a reexamination in December 1931 this student gave a history of pain on 
the right side and shortness of breath of a few days’ duration. Roentgen examina 
tion showed a pneumothorax on the right side with a small amount of fluid in the 
costodiaphragmatic sulcus. 

The diagnosis was minimal pulmonary tuberculosis and spontaneous 
pneumothorax. 

Reexamination in February 1932 showed absorption of the pneumothorax with 
no change in the roentgen appearance of the infiltration from that shown at the 


original examination. In February 1933 roentgen examination showed ill delimited 
spots in the second, third and fourth interspaces above and below the clavicle 
on the right side. On the left side there was no change. 

The diagnosis was minimal progressive pulmonary tuberculosis. 


Case 29.—An American man, aged 22, was first examined in October 1931. 
The weight was 95 per cent. The reaction to 0.01 mg. of old tuberculin was + +. 
Roentgen examination of the lungs showed no abnormalities. 

At a reexamination in February 1933 roentgen examination of the lungs showed 
thickening of the apical pleura with salients projecting into the pulmonary field 
in the second posterior interspace on the right side. 

The diagnosis was latent apical tuberculosis. 


Miss Eleanor S. Cooper of the Henry Phipps Institute gave us ¢ditorial 
assistance. 
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A number of investigators have reported studies of the concentration 
of plasma proteins at various periods of time following the administra- 
tion of mercurial diuretics. The purpose of these studies was to estab- 


lish evidence pointing to a renal or an extrarenal action of the drugs. 
Saxl and Heilig,) Crawford and MclIntosh,? Bohn,* Claussen* and 
Meyer ® found a drop in plasma protein concentration during the first 


two hours after the injection of merbaphen or of salyrgan. In some 
instances this was followed later by a rise in the protein value. Others, 
notably Nonnenbruch,® reported an increase in the protein concentration 
of the plasma following the administration of mercurial diuretics, 

From the Medical Clinic, Peter Bent Brigham Hospital, and the Department 
of Medicine, Harvard Medical School. 

1. Saxl, P., and Heilig, R.: Ueber die diuretische Wirkung von Novasurol 
und anderen Quecksilberinjectionen, Wien. klin. Wchnschr. 33:943, 1920; Ueber 
die Novasuroldiurese, Ztschr. f. d. ges. exper. Med. 38:94, 1923. 

2. Crawford, J. H., and McIntosh, J. F.: Observations on the Use of 
Novasurol in Edema Due to Heart Failure, J. Clin. Investigation 1:333, 1925. 

3. Bohn, H.: Experimentelle Studien iiber die diuretische Wirkung des 
Novasurols, Ztschr. f. d. ges. exper. Med. 31:303, 1923; Fortgesetzte Studien 
iiber Novasurol, seine Wirkung bei verschiedenen Lebensaltern und bei Diabetikern, 
sowie sein etwaiger Einfluss auf Ionenverschiebungen im Organismus, Deutsches 
Arch. f. klin. Med. 143:225, 1923. 

4. Claussen, F.: Ueber die Diurese der Herzkranken, Ergebn. d. inn. Med. 
u. Kinderh. 43:764, 1932. 

5. Meyer, P.: Untersuchungen iiber den kolloidosmotischen Druck des 
Blutes: II. Die Salyrgandiurese, Ztschr. f. klin. Med. 116:174, 1931. 

6. Nonnenbruch, W.: Ueber die Wirkung des Novasurols auf Blut und Diu- 
rese, Miinchen. med. Wchnschr. 68:1282, 1921. 
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whereas Bleyer’ found no constant changes. Meyer® and Kylin® 
observed a fall in the colloid osmotic pressure during the first hour 
after the administration of salyrgan, which they interpreted as evidence 
of an extrarenal action of the drug. Oelkers,® on the other hand, found 
a significant rise in the colloid osmotic pressure in patients from two to 
four hours after the administration of salyrgan. The conflicting results 
of these studies are due in part to the drawing of deductions from slight 
changes ?° and also to the differences in the time at which observations 
were made." In a recent, carefully controlled study on dogs, Schmitz * 
measured the refractive index of plasma every three minutes after the 
administration of salyrgan until the onset of diuresis without finding 
any evidence of hydremia. His charts showed, however, an increase in 
the refractive index during the course of the diuresis. 

The purpose of the work reported in the present paper was to 
measure at hourly intervals the specific gravity and the total nitrogen 
content and at various times the colloid osmotic pressure of the plasma 
in dogs following the administration of salyrgan. The occurrence of 
changes indicating a dilution or a concentration of the blood might be 
expected to affect all of these measurements in the same direction. 
Previous investigators in this field have used in their studies normal 
dogs, rabbits and human beings and patients with edema. The experi- 
ments on normal animals were unsatisfactory in most instances because 
the diuresis provoked by salyrgan is not great unless water is given 
before or during the experiment. In our hands salyrgan alone failed to 
cause a significant increase in the urinary output of normal dogs that 
did not receive water during the experiment. Thus the flow of urine 
increased from between 0.1 and 0.3 cc. per minute in the control periods 
to a maximum of only 0.5 cc. per minute in experiments in which 
salyrgan was given. If, on the other hand, the animal received water 
by stomach tube during the experiment, the interpretation of the changes 
in the blood following the administration of salyrgan was rendered 


7. Bleyer, L.: Erfahrungen iiber die Novasuroldiurese, Klin. Wehnschr. 
1:1940, 1922. 

8. Kylin, E.: Studien tiber den kolloidosmotischen (onkotischen) Druck: 
XVIII. Ueber die Einwirkung verschiedener Diuretika auf den kolloidosmotischen 
Druck, Arch. f. exper. Path. u. Pharmakol. 164:33, 1932. 

9. Oelkers, H. A.: Untersuchungen tiber den kolloidosmotischen Druck des 
Serums, Ztschr. f. klin. Med. 115:854, 1931. - 

10. Schmitz, H. L.: Studies on the Action of Diuretics: I. The Effect of 
Euphyllin and Salyrgan upon Glomerular Filtration and Tubular Reabsorption, 
J. Clin. Investigation 11:1075, 1932. 

11. Peters, J. P., and Van Slyke, D. D.: Quantitative Clinical Chemistry, 
Baltimore, Williams & Wilkins Company, 1932, vol. 1, p. 666. 

12. Schmitz, H. L.: Studies on the Action of Diuretics: II. The Effect of 
Salyrgan upon the Water Content of the Plasma as Measured by the Refractive 
Index, J. Clin. Investigation 12:741, 1933. 
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difficult by the fact that water administered alone causes a measurable 
dilution of the blood plasma. Because of these considerations the dogs 
were rendered edematous by plasmapheresis and the administration of 
salt and a low protein diet before the diuretic was given. It was found 
that such dogs responded to salyrgan with marked diuresis, the maxi- 
mum urinary output usually rising from less than 1 cc. to from 7 to 
11 cc. per minute without the necessity of administering water before 
or during the experiment. We consider that the brisk diuresis which 
occurs in such edematous dogs is more likely to cause a measurable 
change in the plasma concentration than the less marked response of 
normal dogs to salyrgan. In addition, we believe that edematous dogs 
are better subjects for this type of observation than edematous patients 
because of the complicating factor of circulatory or renal disease com- 
monly present in the latter. 
PROCEDURE 

All experiments were performed on female dogs weighing from 15 to 23 Kg. 
The normal dogs were fed a meat diet. Those made edematous by plasmapheresis 
received a low protein diet similar to that used by Shelburne and Egloff.1% 

Normal Dogs.—In this group of three dogs seventeen experiments were per- 
formed: (1) in some of these the dogs received no water during or for four- 
teen hours before the observation, and (2) in some water was allowed ad libitum 
until one hour before the experiment and was administered by stomach tube during 
the six hours of observation, 6.6 cc. per kilogram of body weight being given 
each hour. In both groups the urinary volume and the plasma specific gravity 
following the administration of salyrgan were compared with the values obtained 
in control experiments (i. e., without salyrgan) on the same dogs. 

Edematous Dogs——Fourteen experiments were carried out on four dogs while 
they were edematous. Five of these were control experiments in which no diuretic 
was given. In the remaining nine, salyrgan was given intravenously. In all 
observations on edematous dogs no water was given either during or for fourteen 
hours before the experiment. The dogs received a low protein diet, and the pro- 
duction of edema was further accelerated by the giving of large doses of a 0.9 
per cent solution of sodium chloride by stomach tube, usually from 1,500 to 2,000 
cc. a day. The usual routine of plasmapheresis was to remove from the femoral 
artery from 400 to 600 cc. of blood twice a day, reinjecting the cells suspended 
in a modified Locke solution. The procedure was carried out under aseptic condi- 
tions and was continued until the animal exhibited marked pitting edema of the 
hindlegs and of the abdominal wall and showed a retention of fluid by a diminished 
urinary output. Plasmapheresis was omitted for eighteen hours before the experi- 
ment. By this time the plasma proteins had reached a relatively constant state, 
as attested by our results in the control group in which the specific gravity and 
the total nitrogen content of the plasma showed only sporadic variations during 
the six hours of observation. Following the experiment, plasmapheresis and the 
administration of a physiologic solution of sodium chloride were resumed for a 
period of days until the dog was edematous and in proper condition for another 
study. 


13. Shelburne, S. A., and Egloff, W. C.: Experimental Edema, Arch. Int. 
Med. 48:51 (July) 1931. 





738 ARCHIVES OF INTERNAL MEDICINE 


Urine was obtained by catheter at varying intervals during the experiments 
and was recorded on the charts in terms of cubic centimeters per, minute at the 
midpoint of the time-period during which the urine was collected. 

Salyrgan was administered intravenously at the times recorded on the charts 
in doses of 0.05 cc. per kilogram of normal body weight. 

Samples of from 5 to 7 cc. of blood were withdrawn either from the jugular 
vein or from a vein of the leg with a minimum of stasis at the times indicated 
in the charts. The blood was transferred to a centrifuge tube containing 0.05 c« 
(in later experiments 0.08 cc.) of a 3 per cent solution of an anticoagulant from 
dog liver. The tube was tightly corked and centrifugated for twenty minutes 
The plasma specific gravity was determined by the method of Moore and Van 
Slyke.14 In the nonedematous dogs only single determinations of specific gravity 
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* Salyrgan administered thirty minutes after the start of the experiment. 
t Salyrgan administered ninety minutes after the start of the experiment. 


were made, but in the edematous dogs determinations were made in duplicate. The 
total nitrogen content was measured in duplicate by the micro-Kjeldahl method, 
using seventieth-normal acid and alkali. The nonprotein nitrogen value was not 
determined as a routine, so that the figures, although applicable to a study of the 
dilution and concentration of blood, cannot be translated accurately into terms of 
protein. No correction was made for the dilution caused by the solution of the 
anticoagulant. 

Measurements of the colloid osmotic pressure were made by the second method 
of Krogh and Nakazawa?> with modifications as suggested by Turner.1¢ They 


14. Moore, N. S., and Van Slyke, D. D.: The Relationships Between Plasma 
Specific Gravity, Plasma Protein Content and Edema in Nephritis, J. Clin. Inves- 
tigation 8$:337, 1930. 

15. Krogh, A., and Nakazawa, F.: Beitrage zur Messung des kolloidosmot- 
ischen Druckes in biologischen Fliissigkeiten, Biochem. Ztschr. 188:241, 1927. 

16. Turner, A. H.: The Validity of Determinations of the Colloid Osmotic 
Pressure of Serum, J. Biol. Chem. 96:487, 1932. 
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were carried out in duplicate on two samples of plasma at various intervals of 
time during the experiments. The membranes used were cut from sheets of cello- 
phane no. 600. The outer liquid was a 0.9 per cent solution of sodium chloride. 
Final readings were made after between twenty and twenty-four hours. The level 
of equilibrium was established by finding the pressure at which the capillary column 
of fluid remained constant for from ten to fifteen minutes after pressures above and 
below that point had been ascertained. Gross errors caused by leaks in the 
osmeters or by bubbles could be detected readily. Because of these, it was not 
possible to obtain final duplicate readings in all determinations. Duplicate readings 
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Fig. 1—Chart showing the effect of the administration of salyrgan on the 
volume of the urine and on the specific gravity of the plasma in normal dogs. The 
dotted lines in figures 1 to 4 represent composite curves. 


on normal plasma corresponded with an average difference of 12 mm. of water; 
those on plasma from edematous dogs showed an average variation of 4 mm. of 
water. This degree of agreement is adequate to enable one to detect such gross 
changes in the colloid osmotic pressure of the plasma as may result from the 
administration of water or of diuretics. 


RESULTS 
The results obtained are shown in figures 1 to 4 and in the table 
and require little explanation. It may be seen in figure 1 that when 
water was not given we were unable to obtain significant diuresis follow- 
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Fig. 2.—Chart showing the effect of the administration of salyrgan on the 
volume of the urine and on the specific gravity of the plasma in normal dogs that 
were given 6.6 cc. of water per kilogram of body weight per hour as indicated 
by the squares. 
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Fig. 3—Chart presenting the results in control experiments showing the con- 
stancy of the specific gravity and of the total nitrogen content of the plasma 
during a six hour period in edematous dogs. 
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ing the administration of salyrgan. The administration of 6.6 cc. of 
water per kilogram of body weight per hour (fig. 2) caused diuresis and 
also a constant decrease in the specific gravity of the plasma and of 
the colloid osmotic pressure (table). In the experiments in which both 
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Fig. 4—Chart showing the effect of the administration of salyrgan on the 
specific gravity and the total nitrogen content of the plasma and the volume of 
urine in edematous dogs. 


water and salyrgan were given (fig. 2) the diuresis was somewhat more 
marked than with water alone, but an interpretation of the curve of the 
specific gravity of the plasma is rendered difficult by the drop in the 
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curve found in the control experiments with water alone. These con- 
siderations also apply to the colloid osmotic pressure. We consider 
that these experiments in normal dogs show no significant changes in 
the specific gravity or in the colloid osmotic pressure of the plasma 
which can be attributed to salyrgan alone. For this reason further 
studies on normal dogs were not carried out. 

In edematous dogs (figs. 3 and 4 and the table) the results were 
more striking. The control experiments (fig. 3) showed minor vari 
ations in the specific gravity and the total nitrogen content of the plasma 
without showing any constant tendency for these values to become 
elevated or lowered during the course of six hours. The urinary output 
also tended to remain fairly constant, and there was no evidence of 
spontaneous diuresis during the experiment except in one instance in 
which the output of urine remained constantly above 1 cc. per minute. 
The administration of salyrgan (fig. 4) produced a definite, prolonged 
diuresis in these animals; the increased urinary flow began from one 
half to one hour after the drug was given, reached a maximum of from 
5 to 11 cc. per minute in one or two hours and declined gradually during 
the remainder of the experiment. In the period between the adminis 
tration of salyrgan and the onset of diuresis, only minor fluctuations 
occurred in the specific gravity and in the nitrogen concentration of the 
plasma which were no greater than those found in the control experi- 
ments. In only one of five instances did the colloid osmotic pressure 
show during this fore period a fall that was greater than the limits of 
error of the method (table). In the remaining four instances there 
was no appreciable change in the pressure as measured before and 
one-half hour after the administration of salyrgan. Coincident with 
the onset of the diuresis there was noted in every experiment a moderate 
but definite and continued rise in the specific gravity and in the total 
nitrogen content of the plasma. This rise was more constant in occur- 
rence and longer in duration than could be attributed to sporadic vari- 
ations. Similarly, in the experiments in which the colloid osmotic 
pressure was measured during the period of diuresis there was found a 
significant rise above the prediuresis level, as has been observed com- 
monly by other investigators. 


COM MENT 


In recent years a number of studies have been made of the changes 
which occur in the concentration of such blood and plasma constituents 
as the erythrocytes, the hemoglobin, the protein and the chlorides follow- 
ing the administration of mercurial diuretics. These investigations have 
sought to establish the presence of a dilution of the blood which indi- 
cates an extrarenal action of the drug or of a concentration indicating 
that the action is directly on the kidney. The possibility that these 
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actions occur at different times also has been considered. If, for example, 
it was observed that following the injection of the diuretic a dilution 
and later a concentration of the blood occurred, the interpretation was 
that the diuretic had exerted at first an action on the extrarenal tissues 
and later a direct action on the kidney. The validity of this method of 
attack rests on two assumptions: first, that fluid from the tissues can 
accumulate in the blood in detectable amounts before being removed 
by the kidney or, on the other hand, that the kidney can remove fluid 
from the blood with sufficient rapidity to cause a detectable concen- 
tration; second, that the total quantity of the constituent the concentra- 
tion of which is measured remains constant in the blood stream during 
the period of observation. It follows from the latter assumption that 
changes in the concentration of the constituent are to be interpreted as 
representing an addition to or a loss of fluid from the blood stream, i. e., 
changes in the volume of the blood. Plasma proteins appear to be the 
ideal constituent for this study because their concentration can be mea- 
sured accurately by a number of methods and because they are generally 
regarded as being relatively nondiffusible. Most investigators, with the 
exception of Nonnenbruch,” have felt that following the administration 
of mercurial diuretics no protein is added to the blood stream and the 
volume of blood is the variable factor. 

In our investigation we have sought evidence of dilution or of 
concentration of blood after the administration of salyrgan by studying 
the changes in the plasma protein content as reflected in the specific 
gravity, the total nitrogen content and the colloid osmotic pressure of 
the plasma. The significant observations were those made on edematous 
dogs, in which the diuresis resulting from the administration of salyrgan 
is large and the experiment is not complicated by the administration 
of water. In these animals the absence of any appreciable changes in 
the factors measured before the onset of the diuresis speaks against 
the occurrence of a dilution of the blood (i. e., of an extrarenal action ) 
during this period. On the other hand, the finding of an increase in the 
specific gravity, the total nitrogen content and the colloid osmotic 
pressure coincident with the diuresis indicates that during this later 
period a concentration of the blood occurred. If it is assumed that 
no protein had been added to the blood stream, then the concentration 
must have been due to a loss of fluid with a resulting decrease in the 
volume of blood. This suggests that during the diuresis the kidney 
removed fluid from the biood more rapidly than fluid was supplied from 
the tissues. It appears from this that the kidney was responding to a 
direct stimulus. These observations, though not necessarily excluding 
the possibility of some extrarenal action of salyrgan, indicate that the 
effect of the drug is predominantly on the kidney. 


17. Nonnenbruch, W.: Ueber Diurese, Ergebn. d. inn. Med. u. Kinderh. 26: 
119, 1924, 
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SUMMARY 

Studies are reported concerning the effect of the diuresis following 
the administration of salyrgan on the specific gravity and the colloid 
osmotic pressure of the plasma in normal dogs and on these same factors 
plus the total nitrogen content of the plasma in dogs made edematous 
by plasmapheresis and by the feeding of salt and a low protein diet. 

When salyrgan was administered alone to normal dogs, the diuretic 
response was slight and was not accompanied by any significant changes 
in the plasma specific gravity or in the colloid osmotic pressure. 

Following the administration of water by mouth, a fall occurred in 
the measurements which was not significantly altered when water and 
salyrgan were administered together. 

In edematous dogs salyrgan produced a marked and_ prolonged 
diuresis. No significant changes were observed in the specific gravity, 
the total nitrogen content or the colloid osmotic pressure of the plasma 
before the onset of diuresis. Coincident with the diuresis, however, 
a sustained rise in all of these values occurred. 

The findings are discussed in relation to current theories of the 
action of salyrgan as affording no evidence of an extrarenal action and 
indicating predominantly a direct effect on the kidney. 














PITUITARY BASOPHILISM 


REPORT OF A CASE 


JOHN H. LAWRENCE, M.D. 
AND 
H. M. ZIMMERMAN, M.D. 


NEW HAVEN, CONN. 


Cushing ' recently described a syndrome characterized by obesity of 
unusual distribution, hirsuties, pigmentation of the skin, purpura, 
abdominal striae, hypertension, glycosuria and skeletal decalcification 
developing in relatively young persons, usually in women, whose com- 
plaints are chiefly amenorrhea, obesity, body pains and weakness. Many 
of this group of patients had previously been included in the group with 
adrenal tumor. Including his own cases and those in the literature, 
Cushing collected fifteen instances of this syndrome, in most of which 
a basophilic adenoma of the pituitary gland was noted at necropsy. He 
also reported other cases of the syndrome in patients who are still 
living. We wish to report in this paper a striking example of this syn- 
drome, in which the condition was recognized during life and the diag- 
nosis confirmed by postmortem examination. 


REPORT OF CASE 


History.—F. Q., a man aged 44, single, an editor and writer, entered the New 
Haven Hospital by ambulance at 9:30 p. m. on Feb. 3, 1934. He was referred 
with the diagnosis of coronary occlusion, owing to the fact that he was suffering 
from severe pain in the chest. 

Four days before his admission he had gone for a walk in the cold air and 
on returning had had discomfort in the chest. After eating a hearty meal he 
was seized with a severe, smothering thoracic pain, not sharply localized but radi- 
ating to the back. A physician prescribed morphine, but repeated doses were 
necessary to give relief. Pain radiating down the left arm developed, and two 
days later attacks of dyspnea, characterized by wheezy breathing and orthopnea, 
appeared. Owing to continued pain, dyspnea and restlessness, his physician 


advised his coming to the hospital. 


From the Departments of Internal Medicine and Pathology, Yale University 
School of Medicine and the New Haven Hospital. 

1. Cushing, Harvey: (a) The Basophil Adenomas of the Pituitary Body and 
Their Clinical Manifestations (Pituitary Basophilism), Bull. Johns Hopkins Hosp. 
50:137, 1932; (b) Papers Relating to the Pituitary Body, Hypothalamus and 
Parasympathetic Nervous System, Springfield, Ill., Charles C. Thomas, Publisher, 
1932, p. 234; (c) Further Notes on Pituitary Basophilism, J. A. M. A., 99:281 
(July 23) 1932; (d) “Dyspituitarism”: Twenty Years Later, Arch. Int. Med. 
51:487 (April) 1933. 
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Family History.—One brother of the patient had had a “nervous breakdown” the 
preceding autumn and at the time was taking thyroid extract because of a low 
basal metabolic rate. There was no important familial disease. 

Past History.—Until four years prior to his admission the patient had been 
well and had taken good care of himself. In 1924, 1925 and 1926 he had health 
examinations at a life extension institute. The following data are extracted in 
part from these records: 

1926 (New Haven Hospita!) 
Height, feet, inches............. 5-914 5-10 5-7 (post mortem) 
Chest, inches 37 40 39 (post mortem) 
Abdomen, inches............... 3544 39 36% (post mortem) 
Weight, pounds $ 184% 152 (post mortem) 
Percentage of hemoglobin ; 81 80 
Pulse rate 82 100 
Temperature No record No record 101 F. 
Blood pressure 134/90 118/82 From 150/90 to 175/120 
Sugar in urine None Glycosuria 


In 1926 a slight scoliosis was noted; the right shoulder was higher than the 
left; the pupils were unequal; there was tremor of the fingers; the abdomen was 
pendulous; dry rales were heard at the end of inspiration. 

As a young man the patient had been rather slender and well proportioned 
(fig. 14). Until 1929 he had considered himself well. From that time he had 
complained of the following symptoms: increasing weakness during the past five 
years; loss of libido of five years’ duration; lumbago for four years, characterized 
by frequent attacks of severe pain in the dorsal portion of the spine, necessitating 
rest in bed; asthma, often associated with, but sometimes independent of, the 
attacks of lumbago, characterized by severe dyspnea and orthopnea and unrelated 
to exertion, infection or the common allergic factors; nocturia and frequency 
during the past year; hemorrhage from the throat one year before admission; 
edema of the ankles, slight falling of the hair and drooling of saliva at night for 
three months. Four years prior to admission pain and swelling developed in 
the left knee, and since then he had had considerable difficulty in walking. He 
also had had severe pain in both knees and ankles, which at times lasted a day 
or two. During the last three years he had had a chronic eruption on the skin 
of the nose. During the past year ecchymotic spots had appeared on the skin 
over the entire body on the slightest injury, and sometimes spontaneously. For 
the past ten years he had been known to have a red face. 


Physical Examination.—On admission the patient’s temperature was 101.5 F., 
the pulse rate 100 and the respiratory rate 38. The blood pressure measured 150 
systolic and 110 diastolic. 

The patient was a florid man, who was breathing rapidly and with slight 
wheezing ; he was propped up in bed and complained of severe pain in the anterior 
part of the chest on both sides. He had difficulty in localizing the pain. He was 
intelligent and cooperative. The head, neck, chest and abdomen seemed dispro 
portionately large when compared with the relatively thin arms and legs. Th« 
cheeks were thick and fat, and there was adiposity of the neck, the supraclavicular 
regions and the abdomen, which was protuberant. The neck was short, and the 
shoulders were rounded. Dorsal kyphosis was evident, and the patient gave the 
impression of having lost height (figs. 1 B and C). 

Several purpuric spots were present over the skin of the arms and legs, and ther: 
was marked pigmentation of the skin on the anterior surface of the lower portions 
of the legs. On the lower portion of the abdomen on the right side there was on¢ 
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tria atrophica about 2 inches (5 cm.) long and % inch (1.27 cm.) wide. The 
air was abundant and graying. The vessels of the face and cheeks were dilated 


[he eyes were somewhat prominent, and there were soft pads of fat beneath both 


ipper lids in the upper and outer portions. The left pupil was slightly larger than 


the right, and both pupils reacted normally to light and in accommodation. The 
fundi were normal except for slight blurring of the disks. The visual fields were 
normal, as tested roughly 

The tongue was heavily coated; the teeth were in poor condition, and many 


were carious. The thyroid gland was not enlarged. The chest was of the 


Fig. 1—Photograph of the patient. | was taken at the age of 24; B and 
C, on admission to the hospital. 2 shows the spindling extremities and protu 


berant abdomen, and C, dorsal kyphosis and facial adiposity 


emphysematous type, and the anteroposterior diameter was markedly increased 
The lungs were hyperresonant throughout, and there were numerous rhonchi and 
coarse rales with asthmatic breathing throughout both lungs The heart did not 
seem enlarged (the autopsy protocol may be compared). The sounds were distant 
but of good quality, and there were no murmurs. The pulse was regular and of 
good quality; the radial vessels were not remarkable. The abdomen was adipose, 
protuberant and moderately distended, but no organs or masses were felt. The 
genitalia were normal in development. Neurologic examination revealed nothing 


abnormal. Taste and olfactory sensation were not tested 
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Laboratory Data.—The blood count was as follows: white cells, 15,800; poly 
morphonuclears, 69 per cent; lymphocytes, 23 per cent; large mononuclears, & per 
cent; red cells, 4,060,000 ; hemoglobin, 80 per cent. The cells in the smear appearex 
to be of normal type. 

Examination of the urine revealed a clear, yellow color; a specific gravity of 
1.029; a slight trace of albumin, and a negative reaction for sugar. The sediment 
contained occasional white blood cells but no red cells or casts. Subsequent daily 


examinations of the urine showed a slight trace of sugar on several occasions 


Fig. 2.—Roentgenogram showing the demineralization of the spinal columi 


and compression of the tenth dorsal vertebra. 


The Kahn reaction was negative. The blood, as shown by the results of typing 
(Jansky), belonged to group 1. The bleeding time was three minutes; the clot 
ting time, two minutes, and the number of platelets, 320,000. 

The electrocardiogram showed a normal mechanism. 

The striking clinical picture of obesity of unusual distribution, abdominal stria, 
purpura, pigmentation of the skin, kyphosis and apparent shortening of the spine, 


hypertension and glycosuria suggested Cushing’s syndrome of pituitary basophilism 


The diagnosis of primary hyperparathyroidism was also considered. 
Further laboratory studies were made. The blood chemistry was as follows 
Nonprotein nitrogen, 56 mg. per hundred cubic centimeters (four days after admis 
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ion) ; total serum proteins, 5.41 mg.; albumin, 3.49 mg.; globulin, 1.92 mg.; ratio 
; albumin to globulin, 1.2; serum calcium, 8.94 mg.; serum phosphorus, 8.15 mg. ; 
otal fatty acids of serum, 9 milliequivalents (eleven days after admission) ; serum 
ipoid phosphorus, 7 mg., and serum cholesterol, 123 mg. 

The results of the sugar tolerance test were as follows: blood sugar after 


fasting, 88 mg. per hundred cubic centimeters; five minutes after the intravenous 


injection of 35 Gm. of dextrose, 236 mg.; fifteen minutes after injection, 217 mg.; 


thirty minutes after injection, 203 mg.; forty-five minutes after injection, 189 


mg.; sixty minutes after injection, 178 mg., and one hundred and twenty minutes 


nig. , 


Fig. 3—Roentgenogram showing compression of the twelfth dorsal and second 


lumbar vertebrae. 


after injection, 120 mg. It is evident that the patient had a decreased sugar 
tolerance. 

Roentgenograms of the complete skeleton revealed marked and striking gen- 
eralized decalcification. There was no evidence anywhere of destruction of the 
trabecular structure or of isolated areas of more marked decalcification, suggestive 


if osteitis fibrosa cystica. Two old fractures were present in the twelfth rib 


on the right side, and there were compression fractures of the tenth and twelfth 


thoracic and second lumbar vertebrae (figs. 2 and 3). The fifth lumbar vertebra 


was slightly more narrowed than normally, and the intervertebral spaces above 
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and below it were widened. The seventh dorsal vertebra was also narrowed 
its craniocaudal dimension. The femoral arteries showed marked calcificatior 
(fig. 4). 

In view of the extensive demineralization of the skeleton, studies of the calciun 
balance were made by Dr. C. L. Robbins. The report follows: “The calcium an 
phosphorus balances were within the limits of normal variation. The metabolisn 
of these elements certainly did not conform to the pattern described as typical ot 
hyperparathyroidism. In repeated studies of the blood it was found that. the 
serum calcium was normal in amount and that the concentration of inorgani 


phosphorus varied, apparently without relation to the level of serum calcium. 


Calcium and Phosphorus Metabolism Calculated for a Three Day Period 


Caleium Phosphorus 


Total 
sal Exere 
Urine, Stools, tion, Intake, ance, Urine, Stools, tion, Intake, 
Subject Gm. Gm. Gm. Gm. Gm. Gm. Gm. Gm. Gm. 
F.Q A : 
Normal subject’. 
Patient with hyperpara 
thyroidismt... 0.96 3.1! aa) 2.40 


1.19 . 1.07 0.33 JE 0.67 2 96 0.84 
1.53 0.28 2, 0.91 $7 2.94 


* The figures represent the calculated averages of the values obtained for six normal per 
sons used as controls (C. L. Robbins). 

+ Data were taken from studies on the first patient described by Bulger and his co-workers 
(Bulger, H. A.; Dixon, H. H.; Barr, D. P., and Sehregardus, O.: The Functional Pathology 
of Hyperparathyroidism, J. Clin. Investigation 93143, 1930.) 


“In the table the patient’s excretion of calcium and phosphorus is compared 
with that of normal persons and of a patient with hyperparathyroidism studied 
under similar experimental conditions. The total excretion of calcium and _ its 
partition between the urinary calcium and that of the stools were well within 
normal limits. It is obvious that a normal economy of calcium could not always 
have prevailed. The conclusion may be drawn merely that at the time at whicl 
the patient was studied no clues as to the mechanism of the decalcification of 
bone were detectable. The excretion of phosphorus greatly exceeded the intake, 
but this is usually the case when there is rapid destruction of body protein du 
to fever and insufficient intake of food.” 

Cushing 2 reported the presence of a follicle-stimulating hormone in the urin 
of one of his patients. With this in mind, Dr. S. B. D. Aberle studied the urine 
and blood serum of our patient for the presence of this hormone.® In immature 
mice and rats from 19 to 23 days of age, varying amounts of the patient’s urine 
and blood serum were injected subcutaneously, and the animals were killed after 
one hundred hours. The ovaries were then fixed, sectioned and studied for evi 
dence of follicular maturation and luteinization. It was noted that approximately 
5 cc. of blood serum produced follicular maturation (follicular maturation 1 
known as reaction 1 of Zondek and Aschheim‘*) and that 6 cc. of urine gave a 


similar effect, suggesting that the serum and urine contained equal amounts of 


2. Cushing,!4 p. 524. 

3. These observations were aided by funds from a grant from the Nationa! 
Research Council, Committee on Problems of Sex, administered by Dr. S. B. D 
Aberle. 

4. Zondek, B., and Aschheim, S.: Das Hormon des Hypophysenvorderlappens 
I. Testobjekt zum Nachweis des Hormons, Klin. Wchnschr. 6:248, 1927. 





LAW RENCE-ZIMMERMAN—PITUITARY BASOPHILISM 751 


ie hormone. Luteinization did not take place even when the urine had a concen- 
ration twenty times that of the normal. Two specimens of normal urine used 
s controls gave negative reactions both for follicular maturation and for lutein- 
zation 

Course and Treatment—From the time of his admission until his discharge 
he patient continued to have more or less severe parasternal and subscapular pain, 
vith acute exacerbations necessitating the giving of morphine. Often there was 


issociated numbness of the left hand and of the toes of the left foot At times 


Fig. 4.—Roentgenogram revealing calcification in the femoral vessels. 


he suffered from girdle pains over the middle and lower thoracic regions. Since 
vertebral collapse was present, he was placed on a Whitman frame. 


On his admission to the hospital it was noted that his teeth were in poor con- 


dition. For two years he had had intermittent toothache in the right maxillary 


region. On the second day of hospitalization he had considerable pain in_ the 
upper and lower jaws on the right side. Examination revealed gingivitis and 
formation of pockets around some of the teeth, and roentgenograms revealed 
abscesses about several of them. Marked swelling and tenderness developed in 
the submaxillary and submental regions of the right side. Two of the abscessed 
teeth from the upper and lower jaws on the right side were removed by Dr. B. G. 


Anderson on February 8. Heat was applied to the neck and jaw and supportive 
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treatment was given, but the patient did not improve. He continued to hav 
a moderately high temperature and leukocytosis. On February 12 there wa 
increasing bilateral swelling and induration of the submental region. The floor 
of the mouth was raised and indurated. On February 12, under procaine hydro 
chloride anesthesia, Dr. E. B. Hopper incised and drained bilateral sublingual 
abscesses and obtained 20 cc. of pus from which hemolytic streptococci and 
staphylococci were cultured. 

After drainage of the abscesses the patient did not improve. He was unable 
to take fluids by mouth, and frequent infusions and transfusions were necessary 
A temperature of from 101 to 102 F. continued, and signs of bronchopneumonia 


Fig. 5.—Section of the adrenal gland showing cortical hyperplasia and an 
adenoma. Hematoxylin and eosin stain; *& 11. 


developed. Edema of the lower extremities was noted. Suddenly at 10:45 p. m 


on February 16, he gasped for breath; the pulse became thready ; the blood pressure 


was not obtainable, and after stimulants failed to revive him he died, apparently 
as a result of circulatory failure. 

Necropsy—The examination was performed four hours post mortem by Dr 
Dan S. Egbert. An abstract of the protocol follows. 

The body weighed 69 Kg. (152 pounds) and measured 168 cm. (5 feet and 
7 inches) in length. Numerous subcutaneous ecchymoses were present over the 
hands and arms. A network of fine subcutaneous vessels imparted a ruddy hue 
to the cheeks. Over the anterior surfaces of both legs the skin was shining, thin 
and bronzed; elsewhere it was pale, dry and scaling. There was pitting edema 
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wer the wrists and the dorsa of the hands and ankles. The distribution of hair 
ver the body was that of the normal adult man. There was no enlargement of 
the superficial lymph nodes. 

The tissues over and beneath the mandible were swollen and indurated. Two 
transverse incisions, each 3 cm. in length, on either side of the midline in the sub- 
mental region were connected by a through-and-through rubber drain. The edges 
of these incisions were soft and covered with purulent material which oozed from 
the wounds. The thyroid gland was not enlarged to palpation. The chest was 
large and barrel-shaped; the abdomen was round and protuberant. Subcutaneous 


fat over the chest measured 2.8 cm. in thickness, and over the abdomen, 1.8 cm. 


Fig. 6.—Section from the parathyroid gland showing the infiltration of adipose 


tissue. Hematoxylin and eosin stain; * 200. 


A small amount of adipose tissue in the anterior portion of the mediastinum 
was all that remained of the thymus. Freshly clotted blood completely filled the 
left pleural cavity and compressed the lung against the mediastinum, displacing the 
heart to the right. About 50 cc. of sanguineous fluid was present in the right 


pleural cavity, and a similar quantity was noted in the pericardial sac. The superior 


and inferior venae cavae were greatly distended with blood. The source of the 
extensive pleural hemorrhage was observed to be a dissecting aortic aneurysm 
which had burrowed its way through the mediastinal tissues into the left pleural 
cavity. This aneurysm commenced at the site of two large intitnal tears in the 
isthmus of the aorta and had worked its way between the inner and outer coats 
of the media to the bifurcation of the common iliac arteries, extending for a short 
distance in the wall of the right iliac vessel. Numerous large and small atherom- 
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atous plaques, some of which were ulcerated, studded the intima of the whole 
aorta. Similar lesions encroached on the lumens of both coronary- arteries and 
their major divisions, producing almost complete occlusion of the descending 
branch of the left coronary artery. The heart was hypertrophied to a marked 
degree and weighed 500 Gm. 

The only change of note in the lungs, liver, spleen and pancreas consisted of 
uniform thickening of the walls and consequent narrowing of the lumens of the 
arteries and arterioles of these organs. Both adrenals were much larger than the 
normal gland; the right adrenal weighed 18 Gm. and the left 15 Gm. The cortices 
were bright orange-yellow and were two or three times wider than the normal 
cortex, whereas their medullas were narrow and had the usual red-brown color. 
The left adrenal contained several sharply circumscribed cortical adenomas, which 


varied from 2 to 5 mm. in diameter (fig. 5). 


Fig. 7—Adenoma of the parathyroid gland occupying the left half of the 
gland. Hematoxylin and eosin stain; * 20. 


The right kidney weighed 152 Gm. and the left 160 Gm. Each kidney was of 
normal size and presented no scars on external examination. A few glomerular 
lesions were encountered on microscopic examination, and these consisted of the 


usual complete fibrosis and hyalinization. There were no arteriolar changes, and 


few of the larger arteries showed advanced atheromatous lesions. The uriniferous 


tubules were intact. 

The prostate gland presented no abnormalities either on gross or on microscopic 
examination. Active spermatogenesis was observed in both testes, although the 
seminiferous tubules were widely separated as though by edema; the interstitial 
cells were in a good state of preservation. Nothing of pathologic import was 
found in the thyroid gland. Only two small ovoid bodies, each measuring 3 mm. 
in the greatest diameter, were positively identified as parathyroid glands. The 
first body presented an atrophic appearance on microscopic examination, the normal 


structure being replaced to a large extent by adipose tissue (fig. 6). About one 
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third of the second parathyroid gland was represented by an adenoma (fig. 7). 
Both bodies were sectioned serially, and each section was mounted and stained. 
\ careful search through the entire thyroid gland failed to expose more para- 
hyroid tissue. 

The skeleton showed marked changes. The bones were unusually soft, espe- 
ially the ribs and calvarium. The outer compact layer of the long benes was 
if the usual thickness and contained no nodules or cysts. Its softness appeared to 
be due to a diminished amount of inorganic material. The periosteum appeared 
normal, and osteoclasts were not seen. The marked kyphosis and scoliosis of the 


thoracic portion of the spinal column were the result of old fractures of the bodies 


~ 
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Fig. 8—Section of the pituitary gland showing the normal pars anterior on 
the left, colloid in cysts of the pars intermedia and infiltration of basophils in 


the pars nervosa on the right. Hematoxylin and eosin stain; * 50. 


of the tenth and twelfth thoracic vertebrae and of the second lumbar vertebra, 
which were due to compression and had since healed. 

The cerebral meninges and parenchyma were edematous. An old vascular 
lesion replaced the dorsal half of the left claustrum and the adjacent dorsal por- 
tion of the putamen, but no other lesions were observed in the cerebral paren- 
chyma. The lateral ventricles were not dilated, but the third ventricle was 
distinctly enlarged. The posterior recess of this cavity projected as a diverticulum 
into the pineal body, which consequently was enlarged and measured 13 by 10 
by 8mm. On microscopic examination this body presented a normal picture. The 
infundibular portion of the third ventricle was not completely lined by ependyma, 
for several breaks in the lining occurred at frequent intervals. In the adjacent 
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tissue could be seen numbers of clear spaces of various sizes. These spaces repre 


sented accumulations of tissue fluid (edema) or other substance which had become 
dissolved out in the process of embedding. 

Pituitary Body: The hypophysis was not increased in size and measured 18 
by 10 by 5 mm. It was removed in its dural envelop, fixed in a diluted solution 
of formaldehyde U.S. P. (1:10) and embedded whole in paraffin. Serial sections 
were cut in a horizontal plane, as recommended by Cushing,® and stained with 
hematoxylin and eosin. 

The neurohypophysis was sparsely invaded by a number of basophilic cells 
which lay chiefly in two clusters (fig. 8). The cytoplasm of these cells stained 


* : Pin 


Fig. 9.—Basophilic cells in the pars nervosa showing large granules in the 
cytoplasm. Hematoxylin and eosin stain; & 750. 


deeply and contained numerous large granules (fig. 9). Frequently the celJs had 
more than one nucleus. Several small cystlike cavities, which were partially lined 
by flattened epithelium, were also present in the pars posterior. These spaces 
contained pink-staining colloid in which could be seen occasionally the 
remnants of nuclei. In the pars intermedia a huge cavity containing colloid 
almost completely separated the anterior from the posterior lobe of the hypoph- 
ysis. This cavity also was lined by flattened epithelium. 


5. Cushing, Harvey: Posterior Pituitary Activity from an Anatomical Stand- 
point, Am. J. Path. 9:539 (Sept.) 1933. 
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In the upper anterolateral angle of the pars anterior was observed an oval, 
papillary, basophilic adenoma which measured 4 mm. in its greatest diameter 
(fig. 10). This was situated immediately beneath the dural envelop of the pitui- 
tary gland, and its discovery was due to the precaution in removing the gland 
encased in its dura, for had the latter membrane been stripped before embedding, 
at least part of the adenoma would have been destroyed. The tumor, indeed, lay 
in part within the layers of the dura. A thin capsule of connective tissue sepa- 
rated the normal pars anterior from the adenoma. At one end of the adenoma 
a large pool of dark-staining, inspissated, colloid material was situated. On 
the whole the cells comprising the adenoma were not as large as the basophilic 


cells seen in the pars posterior. The cytoplasm was stained less deeply. In many 


tom 
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Fig. 10.—Basophilic adenoma beneath the dura covering the pars anterior of 
the pituitary body with colloid at lower border of the tumor on the left side. 
Hematoxylin and eosin stain; 30. 


of the cells no granules were demonstrable, but this condition was variable, for 
some presented a typical basophilic appearance, even as regards the presence of 
more than one nucleus in a cell and the characteristic vacuolation of the cyto- 
plasm. 
COMMENT 

Since Cushing’s Harvey Society Lecture,'? in which he cited thirteen 
cases from the literature assumed to be instances of pituitary basoph- 
ilism and added two cases of his own, further examples of the syn- 
drome with verification at necropsy have been reported by Rutishauser 
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(case 1),° Marburg * and Craig and Cran.* These cases with our own 
bring the total to nineteen verified cases. Dr. Cushing, ina personal 
communication, stated that he has received descriptions of six other 
verified cases as yet unpublished. 

This case presented several unusual features. The basophilic 
adenoma in the anterior lobe of the pituitary gland, although of macro- 
scopic size (4 mm. in the greatest diameter), did not appear active on 
microscopic examination. Many of the cells, as already mentioned, were 
rather small and contained few granules. The presence of inspissated 
colloid in the tumor may also be interpreted as evidence of low func- 
tional activity. Dr. Cushing, who examined these preparations, was of 
the opinion that the activity of the adenoma was burned out; that the 
tumor quite likely had been active in the past but was at present in a 
dormant state. More evidence of basophilism was observed in the large 
accumulation of colloid in the pars intermedia and in the infiltration of 
basophilic cells in the neurohypophysis. 

The clinical signs of basophilism, such as facial, thoracic and 
abdominal adiposity, bronzed skin, stria atrophica, glycosuria, ecchymoses 
and striking skeletal decalcification, were fairly characteristic of Cush- 
ing’s syndrome. The blood pressure, which is always elevated in this 
condition, varied between 150 and 175 systolic in our patient, but on 
admission he already had symptoms suggestive of the dissecting aortic 
aneurysm of which he died. It is therefore conceivable that his blood 
pressure at some time previous to his admission to the hospital was even 
more elevated. This appeared all the more likely from the presence 
of marked arteriolar sclerosis in the viscera, exclusive of the kidneys. 

Anatomically, in addition to the pituitary adenoma, cortical hyperplasia 
and adenomas were noted in the adrenal glands. <A similar solitary 


cortical adenoma in the adrenal has previously been noted only in the 


case described by Anderson® (case 3 of Cushing’s series). Another 


feature of unusual interest in our case was the presence of the small 


adenoma in one of the parathyroid glands. This condition has pre- 


6. Rutishauser, E.: Osteoporotische Fettsucht (Pituitary Basophilism), 
Deutsches Arch. f. klin. Med. 175:640, 1933. 

7. Marburg, O.: Ueber das basophile Adenom der Hypophyse, die zerebrale 
Fettsucht und die Pseudohypertrophie der Muskeln, Arb. a. d. neurol. Inst. a. d. 
Wien. Univ. 35:143, 1933. 

8. Craig, J., and Cran, B.: Basophil Adenoma of the Pituitary Gland, Quart. 
J. Med. 3:57 (Jan.) 1934. 

9. Anderson, J.: A Case of Polyglandular Syndrome with Adrenal Hyper- 
nephroma and Adenoma in the Pituitary Gland—Both of Small Size, Glasgow 
M. J. 83:178, 1915. 
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viously been noted only in the case of Schmorl'® and Molineus."* It is 
possible that the adenomas of the adrenal and parathyroid glands were 
secondary to the pituitary adenoma. The usual associated anatomic 
evidence of extreme hyperparathyroidism, namely, von Recklinghausen’s 
disease, was absent; there were no cysts and fibrosis in the bones, 
although the latter structures were markedly decalcified. Moreover, 
studies on the calcium metabolism in our patient did not show the usual 
picture of hyperparathyroidism. However, it seems reasonable to relate 
the adenoma of the parathyroid to the skeletal decalcification. 
SUMMARY 

The case is described of a white man, aged 44, who presented the 
clinical features of Cushing’s syndrome of pituitary basophilism. The 
patient died as the result of a ruptured dissecting aortic aneurysm and 
cervical cellulitis. Postmortem examination revealed an inactive baso- 
philic adenoma of the anterior pituitary gland, cortical hyperplasia and 
adenomas of the adrenal glands, an adenoma of one of the parathyroid 
bodies and diffuse skeletal demineralization. 

10. Schmorl, C. G.: Ein Fall von deformierender Osteitis, Mtnchen. med 
Wehnschr. 59:2891, 1912. 

11. Molineus : 


Jeber die multiplen braunen Tumoren bei Osteomalacie, Arch 


l 
f. klin. Chir. 101:333, 1913 





CARDIAC PAIN 


PRESENCE OF PAIN FI8ERS IN THE NERVE PLEXUS SURROUNDING 
THE CORONARY VESSELS 


LOUIS N. KATZ, M.D. 


WALTER MAYNE, BS. 
AND 
WILLIAM WEINSTEIN, BS. 


CHICAGO 


The most generally accepted explanation for the occurrence of pain 
in angina pectoris is the theory of cardiac ischemia. This theory is 
supported by several lines of evidence (the recent literature is reviewed 
by Keefer and Resnik * and Lewis *), one of which is based on animal 
experiments. This last type of evidence consists of the demonstration 
by Sutton and King,* Pearcy, Priest and Van Allen * and Sutton and 
Lueth * of pain responses following occlusion of the coronary arteries 
in unanesthetized animals. These observers reported that pain was pro- 
duced immediately on occlusion of the coronary arteries and that this 
pain ceased as soon as the vascular occlusion was released. Sutton ° 
stated: “In these experiments careful observations have been made on 


the effect of the temporary occlusion of the coronary arteries in 


unanaesthetized animals, with the conclusion that temporary occlusion 
results in immediate pain. It has been shown that this pain is the result 
of decreased nutrition to the heart muscle and not the result of trauma 
to nerve fibres.” Singer,’ in studies antedating the others, claimed that 

Aided by the Frederick K. Babson Fund for the Study of Diseases of the 
Heart and Circulation, Michael Reese Hospital. 

From the Cardiovascular Laboratory, Department of Physiology, Michael 
Reese Hospital, and the Department of Physiology, University of Chicago. 

1. Keefer, C. S., and Resnik, W. H.: Angina Pectoris, Arch. Int. Med. 41: 
769 (June) 1928. 

2. Lewis, T.: Pain in Muscular Ischemia, Arch. Int. Med. 49:713 (May) 
1932. 

3. Sutton, D. C., and King, W. B.: Proc. Soc. Exper. Biol. & Med. 25:842, 
1928. 
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1930. 

6. Sutton, D. C.: J. Iowa M. Soc. 20:57, 1930. 
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acute ischemia of the heart could be produced without causing painful 
reactions. His observations may be objected to, however, on the ground 
that he used animals with the chest open, anesthetized lightly with mor- 
phine, which may have dulled the responsiveness of the animals to the 
stimulus of ischemia. The further observation that pain responses 


obtained on compressing the coronary artery depended on a functionally 


intact adventitia does not preclude the possibility of ischemia causing 
pain responses. Sutton and Lueth recognized that injury to the pain 
fibers in the adventitia would prevent transmission of the pain responses. 

In the course of an investigation of the pathways taken by such 
affective stimuli, we had occasion to repeat some of the experiments of 
Sutton and Lueth and were surprised to find that the responses reported 
by these investigators did not always occur, which apparently con- 
firmed Singer’s results. Consequently, we resolved to investigate the 
discrepancy further. The results of the study are the subject of the 
present report. 

PROCEDURI 

In the early experiments, the method used by Sutton and Lueth was followed 
with few modifications. Each dog was placed, without previous medication, under 
intratracheal ether insufflation, and the chest was opened anterolaterally in the 
fifth left intercostal space. On retraction of the ribs, a good exposure of the 
pericardial sac was obtained in the region of origin of the anterior ramus descen- 
dens of the left coronary artery. This artery was dissected out after the 
pericardium was opened, and a loose ligature was passed beneath the vessel. A 
second ligature was inserted so as to enclose some myocardial and epicardial 
tissue, free as far as ascertainable from visible blood vessels. A permanent peri 
cardial fistula was made by fastening to the pericardium a flanged and ridged 
glass tube, 10 cm. in length and 1 cm. in diameter. The two ligatures were passed 
to the outside through this tube, and the parietal wound was closed around one 
of the ridges in the glass tube. Negative intrathoracic pressure was restored 
by suction through a small opening in the pleura or by distending the lungs, 
leaving a small opening in the chest. When the pressure in the chest had approxi- 
mately returned to the normal level, the small opening in the chest was closed 
and the dog permitted to breathe naturally. A period of from about two to four 
hours was permitted to pass in order to give the animal sufficient time to recover 
fully from the effects of the anesthesia and operation. At this time the dog walked 
about, appeared comfortable and responded to command. The animal was then 
placed on the right side. After a minute or so observations were made of the 
effects of traction on the ligature around the artery sufficient to occlude the vessel. 
As a control the effect of traction on the myocardial ligature was also noted. 

Later the technic was modified in order to bring the cardiac field into the 
direct view of the observer and to insure the complete closure of the blood 
vessel, unaccompanied by displacement of the heart. The inability to make 
these checks, in our opinion, vitiated somewhat the value of the results obtained 
with the earlier method. For this purpose we substituted a wider glass tube, 
the inside diameter of which was 5 cm. (fig. 1). Each of the ligatures employed 
was passed through a second glass tube, 4 mm. in diameter, to prevent tangling 
with other ligatures and to permit controlled compression of the biood vessels 
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or of the myocardium without displacement of the heart. The smaller tubes ar 
omitted in the figure for the sake of clarity. 

The objective criteria used to show the presence of a positive affective respons: 
were the appearance of the following reactions in a dog which had been resting 
quietly prior to the stimulus: 

1. Quivering and stiffening of the forelimbs, especially of the left, with a 
latent period of five seconds or less, occasionally accompanied by similar phenomena 


in the hindlimbs. This sign was present in 95 per cent of the positive responses. 
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Fig. 1.—Diagrammatic representation of the improved operative procedure, just 


before closure of the anterior thoracic wall. 


2. Sudden restlessness with movements of the head and attempts to stand up 
Is 


These phenomena occurred with a latent period of from one to fifteen secon 
in 100 per cent of the positive results. 

3. Sudden increase in the rate and in the depth of respirations, accompanied 
by whining or barking. This occurred in 50 per cent of the positive responses. 


5. Salivation and retching. This reaction the 


occurred in 50 per cent of 
positive responses. 
The positive responses when the cardiac ligatures were pulled differed from 


the response obtained on compressing a somatic sensory nerve only in the 
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nability of the animal to locate the site of irritation. The responses were 
ibeled roughly 0, when no positive response was obtained, and +, ++, ++4 


nd ++++, depending on the degree of the reaction. 


RESULTS 
The results of the experimentation are tabulated diagrammatically 
in figures 2 to 8. The figures illustrate the summation of the results of 
a number of trials of each procedure. Traction on each ligature was 
repeated several times at intervals of from two to five minutes. Traction 


was maintained for from one second to thirty seconds, depending on the 


response. Often occlusion of the vessels led to cardiac dilatation and 

















Fig. 2——Diagrammatic representation of the results obtained in animals 1 to 


4. A positive response was obtained in animal 2 on stimulation of a somati 


herve 


slowing. The artery was often dilated above and considerably narrowed 
below the constriction. The myocardial region supplied by the artery 
showed a distinct paling compared with the rest of the heart. 


COMMENT 

In the preliminary experiments (fig. 2) it was found that in three 
of four animals a definite positive affective response was obtained when 
the coronary artery was occluded. In the fourth instance (experiment 
2) a negative response was obtained, although the stimulation of a 
somatic nerve gave a definitely positive response. 

In the next group of animals (experiments 5 to 9, fig. 3), a third 
ligature was placed in addition to the two previously used. This ligature 


was passed by means of a curved needle beneath a minor branch of 
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the ramus descendens and its accompanying vein, located cephalad to 
the region where the artery had been dissected free. Care was taken 
to include the tissue surrounding the vessels in this ligature. This addi 
tional ligature was used in order to determine whether or not the occa- 
sional absence of pain might be due to the interruption of the afferent 
nerve pathways responsible for the affective response. In this group of 
experiments traction on the two coronary ligatures, that on the dissected 
and that on the undissected artery, gave positive responses except in th 
case of animal 6. This animal, however, was found to be unresponsive to 


somatic stimulation as well. 























Fig. 3—Diagrammatic representation of the results obtained in animals 5 t 
9. A negative response was also obtained in animal 6 on stimulation of a somati( 
nerve. A large muscular coronary artery was included in the control myocardial 


ligature in animal 7. 


Incidentally, animal 7 is the only one of our fifteen animals in which 


a positive affective response was obtained by compressing the myo- 


cardium by traction on the control ligature. In this animal autopsy 
revealed that an intramuscular coronary artery of considerable size 
had been included in the ligature. In none of the other animals did 
an affective response result from traction on the myocardial ligature. 

In the case of animal 10 (fig. 4) the procedure was again modified 
in that two ligatures were passed under the ramus descendens close 
to each other with no branches intervening. The region enclosed by the 
lower ligature was painted with phenol and alcohol during the operation. 
It was found that when the animal recovered traction on the upper 
region gave a positive response whereas that on the lower did not. 
For animal 11 (fig. 4) a similar placement of ligatures was employed, 
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ut neither region was painted with phenol and alcohol. Traction on 
ach of these regions gave a positive response. ‘This positive response 
disappeared in the case of traction on the lower ligature after the 
region enclosed by it was painted with phenol and alcohol; traction 


on the upper ligature still gave a positive response. 


The foregoing results suggested to us that (1) the absence of a 


positive affective response was not due to the interruption of afferent 


pathways; (2) the positive response was due to the compression of 
afferent fibers enclosed within the sheaths of the coronary vessels, and 


(3) occlusion of the coronary vessels by the ligature and the consequent 
































Fig. 4.—Diagrammatic representation of the results obtained in animals 10 and 
11, showing the effect on the affective response of destroying the nerve plexus 
The asterisk shows the results obtained with animal 11 on traction of area enclosed 


by dotted line before painting with phenol and alcohol. 


change in the flow of the blood did not produce the affective response. 
fo test this conception we modified our technic further. In the first 
place, we carefully cut down on the artery to be dissected, gently 
separated it from the sheath and then carefully stripped off the adventi- 
tial coat for a distance of 1 cm. The ligature was then placed beneath 
this dissected region. In this way we hoped to denervate the dissected 
strip completely without destroying the afferent pathways from more 
distal regions. This, we thought, was possible because the sensory 
nerves of the coronary arteries, like those of other arteries, course 
along the sheath and the adventitia of the vessel in a loose network 
and at intervals send down branches to the muscular coat. In the second 
place, we passed a ligature around the undissected vessels not only 


above but below the dissected region. We expected to find, if our 
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concept was correct, that the compression of the artery at the point 
of dissection would elicit no affective response, whereas compressiot 
above and below would elicit a positive response if the afferent pathways 
were still intact. In the two animals, 12 and 13 (fig. 5), in whicl 
this test was made the results obtained were as anticipated. 

At the termination of the experiment on animal 13, the coronary 
vessels were occluded by a hemostat, which at postmortem examination 
was shown to have completely occluded the ramus descendens and 
its accompanying veins. Although the hemostat was kept in place for 
twenty minutes before the animal was killed, it caused no_ positive 


response except momentarily when it was applied. However, traction 

















Fig. 5.—Diagrammatic representation of the results obtained in animals 12 
and 13, showing the effect of dissection of the sheath and adventitia of the artery 


on the affective response. 


on the li ature above the occlusion repeatedly produced a_ positive 
response (fig. 6). 
In order to rule out the possibility that the difference between the 


result of traction on the ligature in the dissected and that in the undis 


sected region was due to the absence of occlusion of the accompanying 
veins in the case of the dissected artery, the procedure used with animals 
12 and 13 was repeated with animal 14, with the additional modification 
that the vein as well as the artery was dissected free and a ligature 
placed beneath this vessel also. As shown in figure 7, no affective 
response was obtained when both the artery and the vein were occluded 
at the site of dissection; at the same time positive responses were 
obtained from compression by traction of the other ligatures on the 
vessels above and below this point. 
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Fig. 6—Diagrammatic representation of the results obtained in animal 13, 


showing the effect of traction above the site of complete coronary occlusion 








Fig. 7—Diagrammatic representation of the results obtained in animal 14, 


showing the absence of effect of occlusion of the carefully dissected artery and 
vein on the affective response. 
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As a final check, in the case of animal 15 (fig. 8) the ramus 
descendens was carefully dissected out and then tied off completel, 
(The occlusion was checked by postmortem examination.) Ligatures 
were passed under the coronary vessels above and below in such a way 
that no branches came off between the ligatures. By traction on the 
ligatures after the animal had recovered from the anesthesia affective 
responses were obtained even though the artery was already occluded 

All of these results, it seems to us, indicate that the positive affective 
response is due not to occlusion of the coronary artery and interference 
with the flow of blood within it but rather to the direct stimulation of 
afferent fibers in the nerve plexus surrounding the coronary vessels. 

The objection may be raised that insufficient time may have been 
allowed for the development of ischemia in view of the possible col 





Fig. 8.—Diagrammatic representation of the results obtained in animal 15 
showing the effect of traction above and below the site of complete coronary 


occlusion. 


lateral supplies. The results obtained with animal 15 are opposed to 
this view, since the ligation of the vessel was maintained over a period 
of hours. Furthermore, in several of the animals ligation of the coronary 
arteries without interruption of the afferent pathway was performed 
at the end of the experiment without causing any affective responses, 
even though the occlusion was maintained for as long as half an 
hour. Deliberate rupture of the coronary vessels at the point of dis- 
section with consequent interruption of the blood supply to the heart 
muscle caused no affective response, even though the animal eventually 
became unconscious and previous tests had shown that the afferent 
pathways were intact. The addition of a pericardial tamponade in the 
animals last mentioned by closing off the pericardial cannula hastened 
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the occurrence of unconsciousness, from which the animal quickly 
recovered when the pressure in the pericardial sac was relieved. In no 
instance did a pericardial tamponade lead to affective responses, although 
there can be no doubt that the heart was quickly rendered ischemic. 

In conclusion, we are of the opinion that the experimental data 
indicate that, at least in the dog, a coronary artery, such as the anterior 
ramus descendens, may be suddenly and completely occluded without 
causing pain, even if care is taken to leave the sensory pathways intact. 
Further, the cardiac pain observed by Sutton and Lueth;* Pearcy, Priest 
and Van Allen;* White, Garrey and Atkins,* and others in dogs is 
not the result of cardiac ischemia but is due to direct mechanical stimu- 
lation of the afferent nerves. 


THEORETICAL CONSIDERATIONS 


It is definitely established that the coronary arteries, like most 
arteries, have sensory endings in the adventitial coat, an observation first 
made by Dogiel.* Woollard'® recently pointed out that the nerves to 
and from the ventricles are concentrated for the most part around the 
coronary blood vessels, where they form a loose spiral network (fig. 9). 
The afferent fibers from the end-organs in the artery join this plexus, 
at first, however, running in intimate contact with the artery. The 
absence of pain fibers in the rest of the myocardium, first shown by 
Harvey, has been confirmed many times in man and in the lower 
animals. It appears, then, that the pain fibers, as our study also shows, 
are confined to the plexus in the neighborhood of the coronary vessels. 
The work of Woollard *° has clearly demonstrated that the nerves from 
the ventricles congregate for the most part around the mouths of the 
coronary arteries before passing over to the aortic plexus. It is not 
unlikely that the pain responses obtained by Sutton and Lueth® in 
probing the mouths of the coronary arteries were due to the stimulation 
of this nerve plexus rich in pain fibers and not directly to the occlusion 
of the mouths of the arteries. It is indeed possible that even sudden 
death, the result of ventricular fibrillation, might have been caused 
by reflex or by direct nerve stimulation. 

The absence of evidence in our experiments that myocardial ischen.ia 


leads to pain in the dog and the deduction from our experiments and 


those of Singer* that presumably it does not produce pain responses 


8. White, J. C.; Garrey, W. E., and Atkins, J. : Cardiac Innervation, 
Arch. Surg. 26:765 (May) 1933. 

9. Dogiel, A. S.: Arch. f. mikr. Anat. 52:44, 1891 

10. Woollard, H. H.: Innervation of the Heart, J. Anat. 60:345, 1926. 
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should not be taken to indicate that myocardial ischemia plays no role 
in man. In the first place, it must be borne in mind that the presence of 
a rich anastomosis of blood vessels in the dog may prevent the develop- 
ment of a sufficient degree of ischemia, such as occurs in man. Further- 


Fig. 9—Network of nerves surrounding a small coronary artery (from 
Woollard !°). 


more, it is not unlikely that the threshold to painful stimuli may be 
considerably higher in the dog than in man. 

Nevertheless, our work has served to emphasize the importance of 
the nerve fibers and nerve endings in the production of pain. The 
absence of sensitivity to pain in the heart muscle and the concentration 


of the sensory end-organs around the blood vessels make it seem likely 
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that if ischemia causes pain it does so by acting as a stimulus on the 
end-organs located in the region of the coronary vascular tree. This 
might take place by diffusion of the pain-producing substance or sub- 
stances from the myocardium to the end-organs located around the 
hlood vessels, especially the smaller ones, or by a concentration of the 
pain-producing substance formed locally. In fact, such a concentration 
might be aided in certain instances by the accumulation of pain-producing 
substances in the blood supplying the coronary arteries as a result of 
ischemia throughout the rest of the body. 

The stimulation of the nerve endings need not be merely chemical. 
Sudden rises in blood pressure, such as may occur in exposure to cold, 
in sudden emotional upsets and strains or during dreams and the like, by 
distending the coronary arteries may mechanically stimulate the many 


nerve endings located in the walls and give rise to an attack of pain. 


Furthermore, the direct action of the arteriosclerotic process in the 
coronary vessels as it spreads to the adventitia or is accompanied by 
periarterial changes may render the nerve endings within the walls 
at first hyperirritable and later, by destruction, insensitive to stimulation. 
These changes would most certainly alter the responses. In the state of 
hyperirritability, stimuli which would ordinarily not affect the pain end- 
ings might readily do so and give rise to an anginal attack. This fact 
may be the crux in the difference in response to similar circulatory 
disturbances between normal persons and those with coronary disease. 

It must further be borne in mind that during the process of involve- 
ment of the nerve endings and also the nerve fibers in the adventitia 
the actual advance of the pathologic process may by itself give rise to 
painful attacks as successive groups of fibers and endings are first 
stimulated and then destroyed. Infarction may operate in exactly this 
way on the nerve endings and nerve fibers present in the infarcted 
area. 

From these considerations, it seems clear that ischemia may be only 
one of many mechanisms which can give rise to attacks of cardiac 
pain. Others operating alone or in summation with ischemia may also 
be important. But all of these mechanisms must operate by stimulat- 
ing the nerve endings for pain or the afferent nerve fibers propagating 
pain. The condition of this nerve apparatus is therefore of vital 
importance in the mechanism of the production of pain. 

Our work casts no light on the possibility of similar actions on the 
pain endings and afferent pain fibers of the aorta, except that a process 
in the aorta similar to that in the coronary arteries is highly probable. 
It is further possible that under certain circumstances there may be a 


summation of the effect of the two regions. 
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SUMMARY AND CONCLUSIONS 


The observation of previous workers is confirmed that ‘occlusion of 
the coronary vessels and the surrounding tissue in the unanesthetized 
dog gives rise to an affective response resembling an anginal attack. 
The response from this procedure is similar to that obtained on com- 
pressing a superficial somatic sensory nerve, save for the inability of 
the animal to locate the site of irritation. 

Our results show that this response is due not to the occlusion 
of the coronary artery but to stimulation of afferent fibers located in 
the nerve plexus surrounding the vessels. The evidence for this is: 

1. Occlusion of a carefully isolated strip of the coronary artery 
caused no response, but a definite response was obtained when the 
undissected coronary vessels above and below this point were compressed. 

2. Destruction of the nerve plexus with phenol and alcohol abolished 
the response to compression, but the response was still positive when 
a region above the phenolized area was stimulated. 

3. Complete preliminary occlusion of the carefully isolated coronary 
artery did not prevent a positive response to compression above or below 
this point. 

4. Pericardial tamponade following bleeding from a_ ruptured 
coronary artery caused syncope but no “anginal’’ response. 

Positive affective responses occur only when the region about the 
coronary vessels is compressed. The rest of the myocardium and epi- 
cardium is insensitive to stimulation by pressure. 

It is concluded that ischemia of the myocardium is at most one of 


many mechanisms operating on the nerve endings and nerve fibers 


which may give rise to anginal attacks. 





MUSHROOM POISONING (MYCETISMUS) 


REPORT OF FOUR CASES 
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PHILADELPHIA 


From the earliest time mushrooms have been eaten by the people of 
many countries. The ancient Babylonians and early Romans employed 
them as a food and delicacy. For centuries they have been sold in the 
public markets of the larger cities of Europe and Asia. The earliest 
recorded instance of mushroom poisoning is that which occurred in the 
family of the Greek poet Euripides (fifth century, B.C.). Euripides’ 
wife, two sons and a daughter died from this cause. The Latin historian 
Pliny related that deaths from mushroom poisoning were not uncommon 
in ancient Rome, and mentioned the names of several prominent men, 
including a pope and two emperors, who lost their lives in that way. 
This period has been termed the “golden age of poisonings,” and one 
wonders whether all these deaths were entirely accidental.’ 

Paulet ° was the first to study seriously the subject of mushroom 
poisoning. He stated that in the vicinity of Paris alone from 1749 to 
1788 there were at least one hundred deaths from this cause. During 
the latter part of the past century there have been many studies and 
reports on this subject, especially from France. In America the first 
cases were reported by Cheney in 1871.° After that cases were reported 
from all parts of the United States. There is now an extensive litera- 
ture on the subject, especially in the French and German languages. 
During the past two decades, however, only a few clinical pathologic 
studies on mushroom poisoning have been reported in English, and 
none has included complete studies on the pathologic changes in the 
central nervous system. The textbooks on general medicine and the 
various systems of medicine, with a few exceptions, dismiss the subject 
with a few words. 


From the Pennsylvania Hospital. 


1. For an excellent and complete discussion of mushroom poisoning the reader 
is referred to the chapter by W. W. Ford in Peterson, F.; Haines, W. S., and 
Webster, R. W.: Legal Medicine and Toxicology, Philadelphia, W. B. Saunders 
Company, 1923. Much of the historical material in this paper has been obtained 
irom that source. 

2. Paulet: Traité des champignons de France, 1793; quoted by Ford.‘ 

3. Cheney, W. F.: Cases of Mushroom Poisoning, Pacific M. & S. J. 5:119 
(Aug.) 1871. 
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In the foreign countries where figures are available there has bee: 
a marked increase in the incidence of and in the mortality’ from mush 
room poisoning during the past few years. This has been attributed 
to an increase in the consumption of wild mushrooms coincident wit! 
recent depressed economic conditions. It appears probable that a similar 
condition has obtained in this country. 


TYPES OF MUSHROOM POISONING 

The classification of mushroom poisoning (mycetismus) proposed 
by Ford * embraces all types of poisoning from this cause and has been 
widely accepted. 

1. Mycetismus Gastro-Intestinalis.—In this type of poisoning violent 
nausea and vomiting with diarrhea are the only symptoms. Recovery is 
usually rapid. 

2. Mycetismus Choleriformis.—Violent abdominal pains followed by 
nausea and vomiting and usually by profuse diarrhea characterize this 
type of mushroom poisoning. Severe hepatitis with jaundice is nearly 
always present. Toxic nephritis and anuria occur frequently. Delirium 
and coma are frequent terminal symptoms. Poisoning of this type is 
caused by the many varieties of Amanita phalloides. At least 50 pet 
cent of the victims die (fig. 1). 

3. Mycetismus Nervosus.—In cases of mycetismus nervosus severe 
gastro-intestinal symptoms predominate at the outset but are soon accom 
panied by profuse salivation, perspiration and lacrimation. Giddiness, 
confusion, delirium, convulsions and coma may occur. The fungi pro- 
ducing this type of poisoning are those containing muscarin or closely 
related substances and comprise mainly the Amanita muscaria group 
and some belonging to the genera Clitocybes and Inocybes. The victims 
are seriously ill, and death occasionally occurs (fig. 2). 

4. Mycetismus Sanguinareus——In this type of poisoning gastro 
intestinal symptoms occur at the onset; later there is rapid hemolysis, 
causing anemia, jaundice and hemoglobinuria. The mortality is low 

5. Mycetismus Cerebralis—Transient excitement, hallucinations and 
dilatation of the pupils are present in cases of mycetismus cerebralis 
Collapse may occur. Recovery generally takes place. 

Many of the varieties of poisonous fungi causing mycetismus of 
types 1, 4 and 5 are uncommon in America, and as the symptoms are 
often relatively mild and fatalities seldom occur, the cases comprising 
these groups are rarely seen by physicians in the United States. 

There are, however, over eighty species of poisonous mushrooms in 


this country. Of these, the genus Amanita is responsible for prac 


4. Ford, W. W.: A New Classification of Mycetismus, Tr. A. Am. Physicians 
38:225, 1923. 
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tically all the severe cases of mycetismus. The most deadly species, 
\manita phalloides, causes over 90 per cent of the deaths from mush- 
room poisoning. Some of the remaining fatalities are due to Amanita 
muscaria. These two species are extremely common in all parts of this 


country. They thrive from early June till the first frosts. The flavor 


Fig. 1—Specimens of Amanita phalloides, 


(From the “Yearbook of the United States Department of 


a deadly poisonous mushroom. 


Agriculture,” 1897.) 
An adult specimen (a) and a young specimen (/) is shown in the illustration 


of Amanita phalloides is said to be delicious. The young specimens 


are the most poisonous and are also most apt to be mistaken for the 


edible forms by the inexperienced mycologist. Other persons, even 


less judicious, may ingest poisonous varieties after trying various “tests” 
on them. 


One of the favorite tests consists in placing a piece of bright 
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silver in the utensil while the plants are cooking. If the silver is not 
tarnished, the mushrooms are considered safe for consuniption. The 
efficacy of this test is believed in by an astounding number of people. 

It is not within the province of this paper to deal with the botanical 
characteristics of mushrooms. It is always desirable to identify the type 
of poisonous fungus responsible for the illness, but in practice this can 


Fig. 2—Adult specimen of Amanita muscaria, a poisonous mushroom. (Fron 


the “Yearbook of the United States Department of Agriculture,” 1897.) 


seldom be done in time to be of value in treating the condition, Often 


there are no remaining specimens on which to pass judgment, and if 


there are, a competent mycologist is rarely available. Thus the phy 


sician is left with the history and clinical picture on which to base the 


diagnosis and therapy. 
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In this country the two types of severe mushroom poisoning which 


are apt to be encountered are (1) the rapid type (mycetismus nervosus ) 


due to Amanita muscaria and (2) the delayed type (mycetismus 
choleriformis) caused by the various forms of Amanita phalloides 


(tables 1 and 2). 


TABLE 1 Vushroom Toxins 


Amanita Musearia Amanita Phalloides 


(1) Musearin (Schmiedeberg, O., and Kop (1) Amanita Toxin (Ford, 

pe, R.: Das Muskarin, Leipzig, F. C Exper. Med. 83 437 

W. Vogel, 1869): an alkaloidal-like Schlesinger, H., and 

substance, the action of which closely W.: J. Biol. Chem. 33 279, 

resembles that of pilocarpine thermostable; probably either an 
indol derivative or an aromatic 
phenol combined with an amine 
group 


Substance 


1907 


(2) Pilz-Atropin (Mushroom Atropine) (Ko Amanita Hemolysin (‘Phallin” 
bert, E. R.: Lehrbuch der Intoxika (Kobert, E. R.: St. Petersburg 
tionen, ed. 2, Stuttgart, Ferdinand Med. Wehnschr. 163 463 [Dee. 21 
Enke, 1906, p. 1224) and _ Pilztoxin 1891): thermolabile (70 C.) and 
(Mushroom toxin) (Harmsen,  E.: destroyed by gastric juice 
Areh. f. exper. Path. u. Pharmacol. 

50: 361 [Dee.] 1908) 


Stimulation of the autonomic nervous idlemorrhages into the serous mem 
system with increased secretion from branes and parenchymatous or 
the various glands; sometimes cardiac gans, with severe degenerative 
and respiratory paralysis changes and fatty infiltration of 

the cardiae muscle, liver and kid 
neys, the liver often resembling 
that seen in phosphorus poison 
ing or acute yellow atrophy; 
severe degenerative and = fatty 
changes in the cells of the cer 
tral nervous system 
Antidote Atropine, nearly a_ perfect physiologic 
antidote 


TABLE 2.—Mushroom Poisoning 


Rapid Type Delayed Type 
Causative Agent Amanita musearia group Amanita phalloides grou, 


Onset of Symp From within a few minutes to From six to fifteen hours after 
toms three hours after ingestion ingestion 


Symptoms Excessive salivation and lacrima No symptoms for several hours; or 
tion; pupils contracted and not set sudden with severe abdomina 
reacting to light or in accommo pains; nausea, vomiting, 1 
dation; nausea and vomiting; usually diarrhea; vomitus and 
abdominal pains with profuse stools often showing blood and 
watery evacuations; pulse at times mucus; extreme thirst; anuria at 
slow and often irregular; dizziness times, usually jaundice in fron 
and confusion with convulsions two to three days; cyanosis and 
and coma in severe cases; fatal coldness of the extremities; 
cases, death within a few hours increasing prostration with coma 
and death: fatal cases, death 
usually from fifth to eighth day 
Prognosis Good in mild cases: good in sever Grave: mortality, from 50 to 70 
cases if patient is treated with per cent, often 100 per cent of 
atropine a group 


POISONING DUE TO AMANITA PHALLOIDES 
The opportunity to follow four cases of poisoning due to \manita 


phalloides has brought this subject to our attention 


On Sept. 16, 1932, two Italian families, who were employed by a farmer near 


Trenton, N. J., gathered a large number of mushrooms from a nearby wood. 
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To make certain that the plants were not of a dangerous variety, a silver quarter 
was placed in the pan while they were being prepared. It did not become 
tarnished. About 7 p. m. the adults of both families (two men and two women) 
each ate a large helping of the cooked mushrooms.®° The flavor was excellent 
and no untoward symptoms were noted during the evening. 

At about 2 a. m. (seven hours after supper) one of the women was awakened 
by severe abdominal pain. Nausea, vomiting and marked purgation soon followed 
Dizziness and extreme prostration were present. At about 4 a. m. her husband's 
suspicion that the mushrooms eaten might have been poisonous was aroused. 
Although he felt no ill effects at that time he took about 2 ounces (62.2 Gm 
of magnesium sulphate (the entire household supply). A physician who was 
called at about 6 a. m. administered an emetic and 49 grain (0.0013 Gm.) of 
atropine hypodermically to the ill woman. The other man was beginning to note 
abdominal pains at that time and was given similar medication. The man whe 
had taken the magnesium sulphate and the remaining woman were not treated 
at this time. At about 10 or 11 a. m. they also became ill. During the next 
thirty-six hours all were extremely prostrated by severe abdominal pains, profuse 
diarrhea (not bloody) and severe retching and vomiting. Jaundice was noted 
after forty-eight hours in all the patients. The first woman was nearly moribund 
on the third day, while her husband (the man who had taken the magnesium sul- 
phate) was the least ill. The other couple were extremely weak, but the vomiting 
had stopped and the diarrhea was subsiding. Against their physician’s advice the 
patients were brought to Philadelphia by automobile, a distance of over 50 miles 
Abdominal pains with nausea and vomiting returned, and by the following day the 
patients were more jaundiced and were again extremely ill. They were brought 
to the Pennsylvania Hospital on September 20, the fourth day after they had eaten 
the mushrooms. 


REPORT OF CASES 


Case 1—A. P., a woman aged 26, was admitted to the medical service of 
Dr. Arthur Newlin on Sept. 20, 1932. The family, social and past medical his 
tories were irrelevant. Examination revealed a small, swarthy, extremely ill 
woman. The general development and nourishment were fair. She was drowsy, 
and it was difficult to hold her attention, though her mind was clear. She com 
plained of nausea, abdominal cramps and marked weakness. Vomiting was 
attempted several times without success. The sclerae were moderately jaundiced. 
While the ocular movements were being tested the patient complained of blurring 
of vision and dizziness, but no ocular palsies were noted. The pupils were small 
but reacted to light (morphine had been given a few hours before). There was 
an odor of acetone to the breath. Dental caries and pyorrhea were marked. The 
tongue was dry and covered with a brownish coat. Sordes was present about 
the lips and teeth. There was no adenopathy. The lungs were clear to percus- 
sion and auscultation except for an occasional moist rale at both bases posteriorly. 
The heart showed a diffuse apical impulse perceptible in the fourth and fifth left 
interspaces. Percussion disclosed the left border of the heart 9 cm. from the mid 
line in the fifth intercostal space (midclavicular line, 7.5 cm.). The right border 
was 2.5 cm. from the midline. The heart sounds were well heard. No murmurs 
were present. The rhythm was regular, and the rate was 152 per minute. The 


blood pressure was 80 systolic and 40 diastolic. The abdominal contour was flat 


On palpation there was tenderness over the entire abdomen, but it was most 


5. Mushrooms obtained from the same area of the woods and identified by 
the survivors as the kind eaten proved to be Amanita phalloides. 
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marked over the right upper quadrant. The liver was greatly enlarged, its edge 
reaching to the level of the umbilicus. The surface was smooth and tender on 
pressure. The spleen was not felt. The extremities were normal except that no 
tendon reflexes were elicited. The temperature on admission was 99.6 F. 

Course —The patient was given 10 per cent dextrose in physiologic solution of 
sodium chloride (850 cc.) intravenously shortly after admission, and this was 
followed by some immediate improvement in her general condition. Late in the 
afternoon and in the evening she was able‘to take 1,500 cc. of fluids by mouth. 
There was a urinary output of 300 cc. At 4 a. m. the following morning she 
vomited some of the fluids taken. At that time the blood pressure was 96 systolic 
and 60 diastolic. The pulse rate was 160 per minute, and the temperature, 100.6 F. 
From that time on the patient failed rapidly, sinking into a deep coma from which 
she could not be aroused. She died at 11:30 a. m. the same morning, nineteen 
hours after admission and on the fifth day after ingestion of the mushrooms. 

Laboratory Data—Urine: The reaction was acid; the appearance, turbid and 
amber; the specific gravity, 1.018. There were: albumin, 3 plus, and sugar, 1 
plus (after intravenous administration of dextrose). 

Blood Count: There were 4,160,000 red cells and 9,500 white cells, with 
80 per cent polymorphonuclears (30 per cent filamented and 50 per cent nonfila- 
mented), 14 per cent lymphocytes, and 6 per cent monocytes. The blood smear 
showed only vacuolation of the polymorphonuclear neutrophils and giant blood 
platelets. 

Chemical Examination of the Blood—QOn admission the sugar content was 51 


2 


mg. per hundred cubic centimeters; the urea nitrogen, 33.3 mg., and the creatinine, 


1.3 mg. The icteric index was 27.9. 


Case 2.—J. P., aged 36, the husband of A. P. (case 1), was admitted to the 
medical service of Dr. Thomas McCrae on Sept. 20, 1932. The family history and 
past history were irrelevant. Examination revealed a well developed and well 
nourished man, who was extremely apathetic and drowsy. He complained only 
of abdominal pain. There had been no diarrhea or vomiting on the day of admis- 
sion. The urine was scanty and highly colored. He had voided only once on 
that day. The patient was clear mentally when aroused but answered questions 
with difficulty, quickly lapsing into a semicomatose state. Jaundice of the skin 
was evident. The sclerae were jaundiced, and the corneas had a glazed appearance 
The pupils were round and equal and reacted well to light. The movements of 
the eyes were normal. The nose and ears were normal. The lips were dry. The 
teeth were dirty and the gums infected. The tongue was heavily furred. The 
peripheral lymph nodes were not enlarged. The lungs were clear throughout to 
percussion and auscultation. The heart showed no visible or palpable activity. 
The left border of cardiac dulness was 0.5 cm. outside the left midclavicular line. 
Over the precordium only the first heart sound was audible, and it was of poor 
quality. The rhythm was regular, and the rate was 124 per minute. The blood 
pressure was 8&5 systolic and 56 diastolic. The abdomen was scaphoid. Hepatic 
dulness extended 8 cm. below the right costal margin in the midclavicular line 
There were rigidity and tenderness to palpation over this area. The edge of the 
liver was not definitely felt. The extremities were warm, and there was no edema 
The tendon reflexes were present and equal, but diminished. No petechiae were 
seen. 

Course —The patient was given 1,000 cc. of 10 per cent dextrose in physiologic 
solution of sodium chloride intravenously on the afternoon of admission and an 
equal amount late in the evening. The following morning he was somewhat 
brighter and was able to take fluids well by mouth. The urinary output was 
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satisfactory. The abdominal pain was less. There had been no vomiting. The 
bowels had not moved. The degree of jaundice appeared to be about the same, 
but the abdomen was less tender. The edge of the liver was easily felt at 4.5 cm. 
below the right costal margin. The blood pressure was 100 systolic and 62 dia- 
stolic. On the second morning after admission the patient was decidedly worse 
The jaundice was more intense, and the edge of the liver had receded to the costal 
margin. The patient was unresponsive and could scarcely be aroused. The tem- 
perature was normal. The pulse rate was 120 per minute. The blood pressure 
was 135 systolic and 50 diastolic. Administration of 10 per cent dextrose in 
physiologic solution of sodium chloride was started by continuous venoclysis, 3,800 
cc. being given during the next thirty-six hours. 

On the third day after admission the patient was deeply comatose. The jaun- 
dice was intense. The pupils were dilated and reacted but slightly to light. The 
temperature was slightly elevated and rose steadily during the day, reaching 107 F. 
The pulse rate mounted to above 160 per minute and became imperceptible. The 
respirations were rapid and stertorous. The patient died at 6 p. m. on September 
23, seven days after ingestion of the poisonous fungi. 

Laboratory Examination.—Urine: On admission the reaction of the urine was 
acid; the appearance was clear and amber; the specific gravity was 1.020; there 
was no albumin and no sugar. Microscopic examination showed from 8 to 10 pus 
cells per low power field and occasional granular and hyaline casts. On September 
23 the reaction was acid; the appearance was clear and amber; the specific gravity 


was 1.022. There was no albumin; the reaction for sugar was 2 plus (after intra- 
venous administration of dextrose); there was some bile (2 plus), and a few 
granular casts were noted. 

Blood Count: The hemoglobin was 95 per cent (Sahli) ; there were 4,360,000 
red cells and 4,950 white cells. The differential count showed: polymorphonu- 
clears, 85 per cent; lymphocytes, 14 per cent; monocytes, 1 per cent. 

Chemical Examination of the Blood: On admission the urea nitrogen content 
was 42.4 mg. per hundred cubic centimeters; the creatinine, 1.5 mg.; the chlorides, 
516.5 mg. The icteric index was 33.5. On September 22 the urea nitrogen con- 
tent was 21.7 mg. per hundred cubic centimeters ; the creatinine, 1.5 mg.; the sugar, 
104 mg. The carbon dioxide-combining power was 50 volumes per cent. On 
September 23 the urea nitrogen content was 16.2 mg. per hundred cubic centi- 
meters; the creatinine, 1.3 mg.; the uric acid nitrogen, 6.7 mg., and the amino- 
acid nitrogen, 4.3 mg. The icterc index was 71.5. 

Wassermann Test: The reaction of the blood was anticomplementary. 

Case 3.—M. M., a white woman aged 29, was the first to become ill (seven 
hours after she had eaten the mushrooms) and during the first three days was the 
most prostrated of the four patients. She was considered too ill to be moved and 
remained at the farmhouse to be cared for by the family physician. Abdominal 
cramps, diarrhea, nausea and vomiting were severe for four days. After this, 
anorexia and nausea were present for several days with occasional vomiting and 
attacks of abdominal cramps. Jaundice appeared on the third day and became 
deep. During the first week the patient was irrational and in a semicomatose 
condition a great deal of the time. Prostration was extreme. During the second 
week improvement gradually occurred, and the jaundice became less marked, 
though it persisted definitely for over three weeks. Convalescence was slow, but 
after six weeks the patient was able to do her own housework and complained only 
of tiring easily. The jaundice had cleared completely, and the general condition 


was satisfactory. 
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Case 4.—C. M., aged : 
mushrooms might have been poisonous and took a large saline purge nine hours 


5, the husband of M. M. (case 3), suspected that the 


after eating the fungi. No symptoms appeared (as in case 1) until fifteen hours 
after ingestion of the mushrooms. Then the patient was seized with abdominal 
pains, nausea, vomiting and purgation. He was the least prostrated of the four 
and was able to be up and about part of the time during the first few days and 
to aid in the care of the other victims. Jaundice occurred but was mild and per- 
sisted only a few days. After ten days the patient considered that he had regained 
his usual health and strength. 

Notre.—No salivation, perspiration or lacrimation was present in any of the 
cases. No blood was noted in the vomitus or feces 


NECROPSY OBSERVATIONS 
Both necropsies were performed two hours after death by Dr. 
Wayne L. Henning and Dr. John T. Bauer. [Examinations of the nerve 
tissue were made by Dr. Bernard J. Alpers.® 


Case 1 (A. P.).—The body showed evidence of dehydration. Slight jaundice 
was present. The peritoneal cavity was not remarkable except that the lymph 
nodes of the mesentery, retroperitoneum and omentum were prominent. Thi 
pleural and pericardial cavities were normal. 

Heart.—The heart weighed 200 Gm. Many small hemorrhages were seen in 
the epicardium. The valves and heart muscle appeared normal. On microscopic 
section one area of hemorrhage into the muscle was noted. 

Lungs—The lungs were normal. 

Spleen——On gross examination the spleen appeared normal. Microscopically, 
the pulp spaces were collapsed and showed infiltration with round cells and poly- 
morphonuclear neutrophils. 

Stomach—The stomach was dilated but was normal in other respects 

Intestine—The duodenum was hyperemic, but no hemorrhagic areas were noted 
The small and large bowels were free from any areas of hemorrhage or ulceration 

Pancreas.—The pancreas was normal. 

Liver.—The liver weighed 1,640 Gm. It was dark reddish blue, and the edges 
were rounded. Cut sections showed that the normal architecture was entirely lost, 
and areas of hemorrhage and yellowish dots suggested a fatty change. Micro- 
scopically, there was a rather uniform destruction of the hepatic parenchyma. Only 
a few isolated groups of cells immediately about the periportal spaces were well 
preserved. Considerable fat was present, but the destruction did not seem to be 
primarily a matter of fatty changes. The outlines of the hepatic cells were lost 
by swelling, and marked granular changes were present. Nuclear material, detri- 
tus and bile pigment were scattered throughout, as were many polymorphonuclear 
cells. No glycogen could be demonstrated in sections stained with Best’s carmine 

Adrenal Glands.—Round cell infiltration of the medulla and vacuolation of the 
cells of the zona fasciculata were noted 

6. A complete study of the changes in the central nervous system in these tw 
cases was reported by Dr. Eli Marcovitz and Dr. B. J. Alpers (The Central 
Nervous System in Mushroom Poisoning: Report of Two Cases with Toxi 
Encephalitis, Arch. Neurol. & Psvchiat. 33:53 [Jan.] 1935) 
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Kidneys—The kidneys were of normal size. Cut sections showed that the 
cortex was pale and yellowish. The pyramids were dark and congested. The 
pelvis and ureters were normal. Microscopically, the epithelium of the convoluted 
tubules was swollen and granular. The glomeruli showed no acute changes. No 
glycogen or fat could be demonstrated. The pelvic organs and the bladder were 
normal. 


Microscopically, the aorta, hypophysis, bone marrow and the voluntary muscle 
tissue were normal. 





Fig. 3 (case 1).—Section from the liver. There is such marked destruction 
of the parenchymal cells that the section can hardly be recognized as hepatic tissue. 
Much fat is present, and there are hemorrhagic areas and some cellular infiltra- 
tion. Magnification, * 140. 


Brain.—The brain weighed 1,390 Gm. It was edematous and congested. Scat- 
tered punctate hemorrhages were present under the floor of the fourth ventricle 
and in the midbrain. On microscopic examination the meninges here and there 
were seen to be filled with blood pigment, red cells, lymphocytes and macrophages. 
There was a marked loss of ganglion cells in the cortex, especially in the third 


layer in the frontal and temporal areas. All the ganglion cells in the cortex 
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showed toxic swelling, and many in the basal ganglions showed similar changes 
In the cortex, pallidum and medulla there were areas of perivascular infiltration 
by lymphocytes. In the medulla there was a focus composed of glia cells, chiefly 
microglia with some astrocytes. The cortical vessels were mildly thickened, and 
there was some endothelial swelling. Small punctate hemorrhagic areas were 
present in the pons under the ependyma of the fourth ventricle. Fat was present 
in the cortical ganglion cells, cells of the ependyma, astrocytes, microglia and 


endothelium of the vessels. 


Fig. 4 (case 1).—Section from the kidney. Marked degenerative changes are 
seen in the tubules with little change in the glomeruli and slight inflammatory 
reaction. Magnification, « 239. 

Case 2 (J. P.).—The body was well developed but poorly nourished, and it 
showed evidence of dehydration. Jaundice of the skin and sclerae was present. 
The peritoneal cavity showed a small amount of clear fluid. The edge of the 
liver extended 1 cm. below the costal margin in the right midclavicular line. 
The right pleural cavity was completely obliterated by an old adhesive process. The 
left side was normal. 

Heart.—The heart was of normal size, weighing 250 Gm. The epicardium was 
smooth. The valves were all normal. Cut sections showed the muscle to be 
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more pale and slightly less firm than normal. There was no evidence of scarring. 
Microscopic examination showed scattered hemorrhages throughout the myocardium. 
Lungs.—Grossly and microscopically, there was found only evidence of con- 
gestion and edema in the lower half of both lungs. 
Spleen.—Grossly, there was little change. Microscopic sections showed vacuo- 
lation of some of the larger cells in the malpighian centers and swelling of the 
intima in the arterioles in these areas. 


Stomach.—The stomach was normal. 
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5 (case 2).—Section from the liver showing a periportal area. The best 
preserved hepatic cells are seen in these areas. Hemorrhagic areas, fatty change 
and cellular infiltration with marked destruction of the parenchymal cells are pres- 
ent. Magnification, « 140. 


Intestine.-—The mucosa of the duodenum was congested and edematous. An 
increase in the lymphoid content in the lower part of the ileum, some congestion 
and pinpoint hemorrhagic areas were noted. The microscopic changes were not 
remarkable. 

Pancreas.—The pancreas was normal. 

Liver—The liver weighed 1,700 Gm. The surface was smooth and had a 
mottled yellowish-brown color. The fatty content seemed definitely increased. The 
cut surface showed a loss of the normal architecture. The gallbladder and large 
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ducts were grossly normal except for some edema of the wall and mucosa of the 
gallbladder which was filled with a cloudy mucoid material, without bile. Micro- 
scopic sections showed extreme destruction of the hepatic parenchyma. The hepatic 
cells about the periportal spaces showed the best state of preservation, but even 
these were altered by swelling and vacuolation, which increased at a distance from 
these areas until the cells lost their nuclei and became necrotic, vacuolated and 
pale. Hemorrhagic areas and inflammatory cells constituted a prominent feature, 
as did fatty changes. Slight regeneration was apparent in some areas. 

Adrenal Glands.—These showed congestion of the medulla with fatty changes 
in the cortical cells. 


Fig. 6 (case 1).—Section from the medulla. An inflammatory focus is shown 
in the medulla and around a vessel in the immediate neighborhood. Toluidine 


blue stain; * 115. 


Kidneys.—These were normal in size. Swelling and congestion of the cortex 
were present. Yellowish-gray specks were noted in the areas of the convoluted 
tubules. The pelvis and ureters were normal. Microscopically, general congestion 


was present. The epithelium of the convoluted tubules was granular and greatly 


swollen. Hemorrhagic areas were noted beneath the epithelium of the pelvis. 


Bladder —Reddening of the trigon area and evidence of hemorrhages beneath 
the mucosa were noted. Microscopically, hemorrhagic areas were also seen scat- 


tered throughout the muscle. 

















Fig. 7 (case 1).—Section from the pons showing punctate hemorrhagic areas 
under the floor of the fourth ventricle. Toluidine blue stain; & 138. 








Fig. 8 (case 2).—Photomicrograph (low power) showing fat within the 
ganglion cells of the hypoglossal nerve. Ponceau stain for fat. 
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The prostate and seminal vesicles, aorta,.bone marrow, voluntary muscle and 
hypophysis were normal. 

Brain.—The brain weighed 1,710 Gm. It was edematous and congested. Micro- 
scopically, severe widespread toxic degeneration of ganglion cells was noted 
throughout the cortex with a loss of ganglion cells in foci. The toxic degeneration 
of the cells also involved the cells in the hypothalamus, cerebellum and brain stem. 
Vessels with perivascular infiltration by lymphocytes were seen in the cortex and 
the basal ganglions, especially in the pallidum, pons and inferior cerebellar 
peduncle; a few were present in the white matter. Fat was found almost every- 
where in even greater abundance than in case 1. It was found in the ependymal 
cells, vascular endothelium, astrocytes, microglia and ganglion cells everywhere 


except in the substantia nigra. 


COMMENT AND TREATMENT 


\ll the symptoms and signs which were observed in the two fatal 
cases can be explained by the pathologic changes. The widespread and 
extreme damage to the central nervous system in itself would seem 
sufficient to produce death, and that damage probably played a large 
part in the fatal issue. The most common neurologic manifestations 
in severe cases of poisoning from Amanita phalloides are those indi- 
cating a generalized cerebral involvement: confusion, delirium, coma 
and convulsions. Other symptoms and signs occurring less commonly 
include visual disturbances, pupillary disorders, ocular palsies, tremors, 
twitchings and changes in the tendon reflexes and plantar response. 
Clark, Marshall and Rowntree * concluded that the nervous symptoms 
may often be the result of uremia rather than of a “‘neurotoxin.” In the 
case which they studied a marked retention of the blood urea and great 
diminution in the renal function were evident. The outcome was unusual, 
however, in that the patient survived for twenty-eight days. (In most 
fatal cases of poisoning due to Amanita phalloides death occurs at from 
the fifth to the eighth day.) Considerable secondary infection was also 
present (cystitis, parotitis and acute enteritis and colitis). Postmortem 
examination in their case revealed the usual changes in the liver and 
kidneys. No mention is made of examination of the central nervous 
system. 

In both of our fatal cases, the urea nitrogen content of the blood 
was elevated at the time of the patient’s admission to the hospital 
(33.3 and 42.4 mg. per hundred cubic centimeters, respectively). This 
appears to be explainable by the extreme dehydration observed in these 
patients, as in the second patient who survived long enough for the 
fluid balance to be restored, the value fell to 16.2 mg. before death. 


From our studies it appears that the nervous symptoms and_ signs 


present in typical severe cases of poisoning due to Amanita phalloides 


7. Clark, M.; Marshall, E. K., and Rowntree, L. G.: Mushroom Poisoning, 
J. A. M. A. 64:1230 (April 10) 1915. 
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are the result of severe and widespread toxic damage to the cells of 
the central nervous system and not to uremia. 

Cases of poisoning caused by more than one variety of fungi ar 
occasionally encountered. This is suggested by a number of the cases 
reported in the literature. Patients with that type of poisoning have 
a better prognosis than those who have ingested only Amanita phalloides, 
as the presence of other species initiates earlier evastro-intestinal 
reactions which aid in preventing absorption of the toxins of the 
“deadly” Amanita. 

In the treatment of mushroom poisoning it should be remembered 
that extremely ill patients, even those with marked nervous symptoms, 
deep jaundice and evidence of renal damage, may recover completely 
(case 3). Care should be taken to keep the patients at complete rest 
until recovery is assured. Gautier * has reported a typical case ot 
poisoning due to Amanita phalloides in which the patient was admitted 
to the hospital at the end of the second day and discharged improved 
on the seventh day. After a remission of nine days he was readmitted 
with prostration and nervous symptoms and later died in coma. Remis 
sions of this length are not common, but several cases with remissions 
of two and three days are reported. In the two fatal cases in our series 
the patients seem to have suffered a severe aggravation of the condition 
by being moved a considerable distance by automobile on the third 
day of illness. 

It seems probable that the less severe symptoms and shorter course 
in case + resulted from the fact that the patient had taken a saline purge 
before the appearance of symptoms, even though this was taken several 
hours after the ingestion of the mushrooms. In these four patients there 
was no relation between the rapidity of onset of symptoms and the out- 
come. The patient who became ill after seven hours, and whose illness 
was exceedingly severe, recovered, while the patient who was last 
affected (sixteen hours) succumbed. The mortality from poisoning due 
to Amanita phalloides is at least 50 per cent. The low mortality from 
poisoning due to Amanita muscaria is not the result of a low toxicity 
of the poison but is rather due to the fact that the early appearance of 
nausea, vomiting and diarrhea aid in preventing further absorption of 
the toxic substance. 

In the treatment of the rapid type of mycetismus (Amanita 
muscaria), the early onset of vomiting and diarrhea is of value in 
removing the poisonous fungi from the gastro-intestinal tract. For this 
reason no attempt should be made to alleviate these symptoms. If the 


8. Gautier, P., and Saloz, C.: Rémission et survie prolongée dans un cas 
mortel d’empoisonnement par “l’amanite phalloide,” Rev. méd. de la Suisse Ron 
37:291 (May) 1917. 
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stomach is not completely emptied, gastric lavage should be carried 
out with saline solution, or an emetic should be given. A saline purge 
may be left in the stomach after it has been irrigated, or the cathartic 
may be administered by mouth to aid in emptying the lower portion 
of the gastro-intestinal tract. Atropine sulphate should be given at 
once hypodermically in all cases in which there is evidence of the action 
of musearin (marked perspiration, salivation, lacrimation and pinpoint 
contraction of the pupils). In severe cases as much as '%; grain 
(0.0025 Gm.) may be given and the dose repeated after a few minutes. 
The intravenous route may be resorted to if the patient is moribund. 
In cases in which the patient shows symptoms of collapse, catfeine, 
strychnine and epinephrine should be given in full doses in order to 
tide him over the acute stage, after which recovery occurs rapidly. 

The late onset of symptoms in the delayed type of mycetismus 
(Amanita phalloides) allows the fungi to be well down the gastro 
intestinal tract before symptoms appear. [metics and gastric lavage 
are of less value than in the other type of poisoning, but they should 
be employed at once to make certain that the stomach is empty 
Thorough purging is especially important to empty the ileum and colon 
quickly. High enemas may be given. All the patients who are known 
to have eaten the same fungi but in whom symptoms have not appeared 
should undergo emptying of the gastro-intestinal tract at once by the 
same methods. Rest in bed is essential, and the patients should be kept 
quiet until recovery has definitely taken place. Relapse with a fatal 
issue 1s not uncommon in patients who have been ill several days and 
who are apparently improving. Opiates are usually indicated and should 
be given hypodermically for the relief of the severe abdominal pains 
and delirium and in order to induce sleep. 

A liquid diet with high carbohydrate content should be given when 
possible because of the hepatic and renal damage. Forced adminis- 
tration of fluids should be resorted to in order to keep up the urinary 
output and aid in preventing dehydration and acidosis. Intravenous 


administration of dextrose in physiologic solution of sodium chloride, 
as first suggested by Blank,” appears to be of especial value for patents 
with marked and persisting gastro-intestinal symptoms. A 10 per cent 
dextrose solution should be used and from 500 to 1,000 ce. given every 
six to eight hours. Physiologic solution of sodium chloride given 
subcutaneously or tap water rectally may prove of value by increasing 
the intake of fluids. The presence of shock and circulatory collapse 
should be combated by the usual methods. External application of 
heat and the use of catfeine, strychnine and epinephrine (in full dosage ) 
may be indicated. 


9. Blank, G.: Ueber Knollenblatterpilzvergiftung, Munchen. med. Wehnschr 
67:1032 (Sept. 3) 1920 
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The use of an antitoxin serum has been advocated '° in this type of 
poisoning and has been used in France and Germany. The serum is 
prepared by immunizing horses with increasing doses of toxin obtained 
from several varieties of Amanita phalloides. The results are difficult 
to evaluate, but from the reports the effects of the serum seem to be 
of some value. So far as we are able to determine, there is no similar 
antitoxin available in this country. 

Recently a new type of treatment, based on experimental work with 
animals, has been suggested by Limousin and Petit.'' It was found 
that cats succumbed within forty-eight hours after they had eaten a 
small amount of cooked Amanita phalloides (from 5 to 10 Gm.). 
Rabbits were unaffected by a similar dose taken by mouth, but 0.5 ce, 
of the juice of the mushroom proved rapidly fatal when injected 
subcutaneously. From this it was concluded that the toxin was neutral- 
ized or destroyed in the stomach of rabbits. The pathologic changes 
in the dead animals included gastro-enteritis, acute massive degeneration 
of the liver and acute glomerulo-epithelial nephritis. Cats receiving 
10 Gm. of Amanita phalloides with 100 Gm. of fresh rabbit stomach 
survived for six days and at necropsy showed no hepatic damage ; 
death was attributed to ‘‘nerve intoxication.” Cats receiving 10 Gm. 
of Amanita phalloides with 100 Gm. of fresh rabbit stomach and 
60 Gm. of fresh rabbit brain survived. On the basis of these findings, 
Limousin and Petit treated patients with Amanita phalloides poisoning 
by giving fresh uncooked rabbit stomach and rabbit brain minced 
together. From three to five each of fresh rabbit brains and stomachs 
were given to the patients, and in some cases the dose was repeated 
on successive days. The patients were thought to be definitely improved 
by the therapy despite the fact that some of them were not treated 
until the third day. 

The conclusion of Limousin and Petit that recovery in their cases 
resulted from the treatment given should be investigated further. When 
one considers the high mortality rate from intoxication by Amanita 
phalloides, any type of therapy not in itself harmful is worthy of trial. 


10. Dujarric de la Riviére, R.: Essai de sérothérapie contre les empoisonne- 
ments par champignons vénéneux, Bull. Acad. de méd., Paris 94:1000 (Nov. 10) 
1925; Etude d’une toxine végétale: la toxine phallinique, Ann. Inst. Pasteur 43: 
961 (Aug.) 1929. Schlossberger, H., and Menk, W.: Zur frage der Serum- 
behandlung von Knollenblatterschwammvergiftungen, Klin. Wehnschr. 10:1346 
(July 18) 1931. Ford, W. W.: The Toxicological Constitution of Amanita Phal- 
loides, J. Exper. Med. 8:437 (May) 1906. 


11. Limousin, H., and Petit, G.: Essai thérapeutique au cours des intoxications 
par l’amanite phalloide, Bull. Acad. de méd., Paris 107:698 (May 24) 1932. 
Limousin, H.: Essai de traitement des intoxications causées par les champignons 
vénéneux, Presse méd. 40:1685 (Nov. 9) 1932. 
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SUMMARY 

1. Nearly all the severe cases of mushroom potsoning (mycetismus ) 
seen in this country result from the ingestion of one of the varieties 
of the genus Amanita. 

2. For practical purposes these cases may be divided into “rapid” 
and “delayed” types. 

The rapid type of poisoning occurs within from one to three hours 
after ingestion of fungi of the Amanita muscaria group. This type 
of poisoning is characterized by excessive salivation, perspiration and 
lacrimation. Nausea, vomiting, severe abdominal pains and diarrhea 
occur. The pupils are contracted. Convulsions and coma are seen in 
the severe cases. The mortality is low, and the patients respond well 
to the proper treatment. 

The delayed type of mycetismus results from the ingestion of mush- 
rooms belonging to the Amanita phalloides group. The onset is delayed 
until from six to fifteen hours or more after ingestion of the fungi. 
Abdominal pains are severe, and nausea and vomiting may be extreme. 
Diarrhea is nearly always present. The patients are prostrated from 
the onset. Jaundice nearly always occurs, and renal damage is frequent. 
Symptoms resulting from damage to the central nervous system are 
usually present. The mortality in this type of poisoning is at least 
50 per cent. 

3. Four cases of poisoning by Amanita phalloides are reported, and 
complete pathologic studies on two fatal cases are given. Extreme 
degenerative changes were found in the parenchymal cells of the liver 
and to a lesser extent in the tubular epithelium of the kidneys. In 
both patients there was severe widespread damage to the central nervous 
system. The brains were congested and edematous, and on microscopic 
section degenerative changes were observed in the cells of the cortex, 
hypothalamus, cerebellum and brain stem. Fat was found almost every- 
where throughout the brain, and there were scattered areas of peri 
vascular infiltration with lymphocytes. 


4. The treatment of mushroom poisoning is discussed. 
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Patients with continuous low grade fever lasting months or 
years who are otherwise physically well frequently present perplexing 
problems to the clinician. Even after prolonged fruitless investigation 
one hesitates in most cases of this nature to dismiss the matter lightly 
lest some unrecognized or occult lesion be present. Yet few physicians 
have the opportunity and few patients the time and money necessary 
for investigation and observation over long periods. The patient with 
such a condition often becomes dissatisfied with the negative results 
of repeated examinations by his own physician and commences a tour 
to a long series of physicians, as illustrated in the following reports of 
cases. As often happens, each physician approaches the case from a 
different point of view and arrives at a different conclusion, until the 
patient is alarmed by the array of suggested diagnostic possibilities and, 
if not already neurotic, may become so. Besides this the patient is often 
successively deprived of teeth, tonsils and thyroid gland, is subjected 
to other needless procedures and operations, is regarded as a potential 
invalid and obliged to lead an unnecessarily restricted life or is rendered 
impecunious by the expenses involved. 

There has been considerable discussion of this problem in recent 
years, largely in European journals.’ Persons with low grade fever 
lasting for years without evident cause have been regarded as having 
“constitutional subfebrility,” an “unstable nervous system,” “psychogenic 
fever,” “neurosis” and so on. The term “habitual hyperthemia,” which 
implies the constant existence of the temperature at levels higher than 
those accepted as normal, was introduced by Moro in 1917. The term 
appears to be satisfactory until further knowledge renders it obsolete. 
Other terms suggesting a psychic or neurogenic origin of the fever 
are less satisfactory since in certain cases the condition does not appear 
to be due to this cause. Frequently, however, as illustrated in three 
of the four cases reported here, patients regarded as neurotic have a 


From the Department of Medicine, University Hospital, University of Min- 
nesota Medical School. 
1. Reimann, H. A.: Habitual Hyperthermia, J. A. M. A. 99:1860 (Nov. 26) 
1932. Additional references to the literature are given in this article. 
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emperature slightly higher than normal. The question remains whether 
he elevated temperature is due to the neurosis or the neurosis to the 
ivperthermia or whether both are part of a certain constitutional state. 
In some cases abnormalities of temperature appear to be related to evi- 
dent or obscure disturbances of the endocrine system. The fever of 
hyperthyroidism is well known. It is also evident from experimental 
studies and clinical observations that destruction of the suprarenal glands 
is accompanied by a fall of temperature and that the normal level may 
be restored by the administration of extracts of the suprarenal cortex. 
Changes in temperature in some women are clearly related to the men- 
strual period ' or to ovulation.? There is no doubt, therefore, that many 
factors aside from those which are well known may influence the regu- 
lation of body temperature. 

In the case of patients who exhibit hyperthermia over long periods 
of time, even if otherwise apparently healthy, it is always essential to 
search for underlying causes, whatever their nature. Among these 
causes may be mentioned a number of infections, chiefly tuberculosis, 
subacute bacterial endocarditis, undulant fever, rheumatic fever, malaria 
and possibly focal infection, which may be present for long periods 
with minimal clinical symptoms and signs. .\ number of other condi- 
tions must also be considered, such as renal calculus, neoplasm, Hodg- 
kin’s disease, anemia, disturbance cf the endocrine glands, especially 
hyperthyroidism, diabetes, pregnancy, menstruation, dehydration, chronic 
poisoning, heart failure, postencephalitic rests, organic disease of the 
brain and tumor of the brain or cord. Many cases of prolonged fever 
observed carefully over a sufficient period eventually prove to be due 
to one of the conditions mentioned. Yet a number of patients continue 
to have low grade “fever” for twenty years or more without evidence 
of organic dysfunction and without symptoms, signs or complaints. This 
observation raises the question as to what constitutes a “normal” tem- 
perature. Reports from time to time indicate that certain variations 
exist for different persons and for animals. This variation seems rea- 
sonable, for if the pulse rate varies from 50 to 90 beats per minute 
and the blood pressure from 90 to 140 mm. of mercury in different 
normal persons,*® one would expect the temperature of normal persons to 
vary over a considerable range. The usually accepted average normal 
oral temperature is 37 C. (98.6 F.), although Whiting * found the 
average oral temperature in six hundred and twenty healthy convicts 


2. van de Velde, T. H., cited by Harvey and Crockett.® 


3. Addis, T.: Blood Pressure and Pulse Rate Levels, Arch. Int. Med. 29:539 
(April) 1922. 

4. Whiting, M. H.: On the Association of Temperature, Pulse and Respira- 
tion with Physique and Intelligence in Criminals: A Study in Criminal Anthrop- 


ometry, Biometrika 14:1, 1915. 
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to be 36.8 C. (98.25 F.), and Lyon and Wallace * in a large series of 
nonambulatory 362 €. (W2 F.) the 
average temperature at 7 a. m. and 36.35 C. (97.45 F.) at 7 p. m. 


patients found -to be 


Although the mean temperatures reported by these authors are dissimilar, 
the standard deviations calculated by Dr. Frances Vanzant from the 
data are practically identical, being 0.49, 0.455 and 0.46, respectively. 
Because of the remarkable uniformity of the values, it seems justifiable 
to use the weighted average value, 0.47, to calculate the theoretical 
readings in normal using the 


persons, 


distribution of temperature 


accepted mean of 37 C. (98.6 F.). The accompanying table prepared 
by Dr. Vanzant shows the percentage of probability of occurrence for 
The data indicate what a small 


each 0.2 F. in a normal population. 


proportion of persons have a temperature of exactly the accepted normal 
The Percentage Probability of Occurrence for Each 0.2 F. of Oral Temperatur 
ma Normal Ambulatory Population 


Pereentage 
Probability 


Percentage 
Temperature, F. Probability Temperature, F. 








Below 97.0....... 0.01 98.6 to 98.79 16.64 
97.0 to 97.19. 0.15 98.8 to 98.88... 13.59 
97.2 to 97.39. 0.40 98.0 to 99.19 - 9.74 
97.4 to 97.59... 1.12 99.2 to 99.39 DOT 
97.6 to 97.79 2.80 99.4 to 99.59... 2.80 
97.8 to 97.99... 5.57 99.6 to 99.79.. 1.12 
98.0 to 98.19... 9.74 98 to $9.99.. . 0.40 
98.2 to 98.39..... 13.57 100.0 to 100.19 O01 

98.4 to 98.59... 16.64 100.2 to 100.39 On 


frequently a temperature which is ordinarily regarded 
High normal 


level and how 
as evidence of fever is encountered in normal persons.® 
temperature will no doubt be discovered more and more frequently with 
the increasing popularity of examinations for social health insurance. 
The fact that four persons with temperatures at fever levels in whom 
no underlying organic cause could be found were encountered in a rather 
small medical service at the University Hospital further indicates that 
the condition occurs sufficiently ofte: to be considered important. Other 
Since the publication of 


recent studies * substantiate this observation. 


5. Lyon, D. M., and Wallace, H. L.: 
Hospital Patients, Brit. M. J. 1:980 (May 28) 1932. 

6. Wunderlich, C. A.: Medical Thermometry, London, New Sydenham Soci 
ety, 1871, vol. 49, p. 100. Pembrey, M. S., in Schafer, E. A.: Textbook of Physi- 
ology, Edinburgh, Y. J. Pentland, 1898, vol. 1. Ceredi, A., and Nanni, G.: Great 
Frequency of Subfebrile Temperatures, Boll. d. sc. med., Bologna 104:27 (Jan 
Feb.) 1932. 

7. Gelmann, I. G.: Zur Frage Atiopathogenesis protrahierter subfebrile: 
Zustande, Deutsches Arch. f. klin. Med. 176:290 (March 15) ; 581 (Aug. 22) 1934 
Kintner, A. R., and Rowntree, L. G.: Long Continued, Low Grade, Idiopathi 
Fever, J. A. M. A. 102:889 (March 24) 1934. Csépai, K.: 
ture as Mass Phenomenon, Orvosi hetil. 77:577 (July 8) 1933. 


The Mean Temperature in Non-Febril 


Subfebrile Tempera 
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the report of a case in a patient first seen in 1931,’ three others have 
been observed. All four patients were thoroughly studied during several 
periods of observation in the hospital without the cause for the elevated 
level of the temperature being determined. A number of tests, including 
those proposed by Holl6é and Hollé-Weil,* were applied in an attempt 
to establish a diagnosis of “habitual hyperthermia.” Holl6é and Hollo- 
Weil claimed that fever of infectious origin can be differentiated from 
the type of fever in question by pharmacologic methods. Fever due to 
infection is reduced by antipyretic drugs but not by opiates. Fever not 
due to infection is not influenced by antipyretics but is suppressed 
by opiates. 
REPORT OF CASES 

Case 1.—History.—This case was reported in detail previously.t Miss B. E., 
a student aged 26, was first observed in June 1931. “Fever” had been noted since 
the age of 5 years after an attack of measles. She had been treated for eighteen 
years as a potential invalid, suspected of having tuberculosis, because of the fever, 
although she felt and looked well. Her temperature, which was carefully regis- 
tered from 1928 to 1930, showed a remarkably regular wavelike curve in distinct 
relation to the menstrual periods. Her oral temperature taken in the morning 





Chart 1—The temperature curve in case 1, showing the lack of response to 
amidopyrine and epinephrine, the apparent depressing effect of sodium amytal and 
the effect of opium in lowering the temperature. 


before rising remained at 36.7 C. (98 F.) during the first half of the menstrual 
cycle. In the middle of the period it rose abruptly to 37 C. (98.6 F.) where it 
remained until the day preceding the menstrual flow when it abruptly dropped to 
the lower level. The behavior was so regular as to describe a curve resembling 
a Greek fret when plotted. The changes in temperature bore the same relationship 
to the menstrual period as the changes described in the case of the patient observed 
by Harvey and Crockett. The temperature in the afternoon was usually above 
the normal level and was elevated further by physical or emotional strain. The 
highest peaks (37.8 C., or 100 F.) were reached in the second half of the men- 
strual period. The mean afternoon temperature for four hundred and twenty days 
was 37.2 C. (98.9 F.), with a standard deviation of 0.23. The mean 8 a. m. tem- 
perature was 36.8 C. (98.2 F.), and the standard deviation, 0.3. 

After thorough investigation the patient was informed that no underlying 
pathologic condition could be determined. She was advised to cease recording her 





8. Holl6, J., and Holl6-Weil, E.: Experimentelle Analyse der subfebrilen 
Temperaturen und ihre Ergebnisse, Berl. klin. Wchnschr. 55:640, 1918. 

9. Harvey, O. L., and Crockett, H. E.: Individual Differences in Temperature 
Changes of Women During the Course of the Menstrual Cycle, Human Biol. 
4:453, 1932. 
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temperature and to lead a normal existence. Her outlook on life has been greatly 
improved by the assurance that she is normal. 

She was observed at intervals during the next three years, during which tim: 
no changes occurred. Except for an occasional “cold,” she was perfectly well. 
The patient reentered the hospital for further tests in October 1933. All of th: 
results of the physical examination and laboratory observations were negative 
The temperature when measured frequently registered above the normal level. 

Experimental Study—During two days of observation the temperature was 
measured every two hours. The lowest levels occurred between 12 p. m. and 
4 a. m. and the highest at 4 p. m., representing a range of 1.2 C. (2.2 F.). The 
patient was then given 0.6 Gm. of amidopyrine at 9 a. m., 10 a. m. and 1 p. m, 
according to the suggestion of Hollé. There was practically no antipyretic effect 
The next day she was given subcutaneously 0.5 cc. of a 1: 1,000 solution of 
epinephrine chloride without the striking effect obtained by Cawadias?° in his 
patient. On the fifth day the administration of 0.57 Gm. of sodium iso-amylethyl 
barbiturate (sodium amytal) by mouth produced drowsiness and sleep lasting about 
two hours but had little effect on the temperature. On November 8, 0.14 Gm. of 
powdered opium given by mouth caused restlessness followed by a sense of pro- 
found relaxation for several hours but no sleep. The pulse rate dropped fron 
80 to 68, and the temperature was distinctly lowered for six hours. The tempera 
ture curve is illustrated in figure 1. 


Comment.—This patient’s condition is an example of “habitual 
hyperthermia.”’ She was not neurotic and appeared to be normal in every 
way except in respect to the level of temperature. The temperature 
had apparently been higher than the usual normal level for at least 
twenty-one years. The level was not influenced by antipyretics but was 


depressed by opium, in accordance with the behavior of “normal” 


temperature. 


Case 2.—History.—Miss R. L., a nurse aged 38, dated the onset of her illness 
from January 1931, when she first noted weakness and dizziness. Soon after, tachy- 
cardia (heart rate of 140) occurred, but at times she became alarmed because the 
rate dropped to 60. Periods of “dyspnea” were followed by hyperpnea. She could 
not lie on her right side because of a choking sensation. For seven months prior 
to the stated onset of her illness she noted that her temperature frequently regis- 
tered 37.6 C. (99.6 F.) in the afternoon, at which time she felt weak and tired. On 
closer questioning she stated that in 1928 and at intervals thereafter her tempera- 
ture when measured was 37.6 C. (99.6 F.). 

In February 1931 she visited a physician who suspected toxic goiter and sent 
her to a hospital for six weeks. Her basal metabolic rate was found to,be + 6, 
+15 and +12. An electrocardiogram showed “myocardial weakness.” The 
temperature frequently rose to 37.6 C. (99.6 F.). After a prolonged course of 
therapy with compound solution of iodine, U. S. P., solution of potassium arsenite, 
U. S. P., digitalis and salicylates she left the hospital unimproved. Another 
physician then advised her to remain in bed until the fever disappeared. She 
remained in bed for three months during which time the temperature reached the 
fever level daily. She returned to work for about a month, noting occasional tachy- 


10. Cawadias, A.: La fiévre continue d’origine sympathétique, Ann. de méd 


7:450, 1920. 
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cardia and bradycardia. She would awaken at night with a sensation of smother- 
ing. At times she thought she detected missed heart beats. A third physician 
advised rest in bed on account of “endocarditis.” She remained in bed for ten 
months. A fourth physician diagnosed auricular flutter and again administered 
digitalis. In March 1932 a murmur believed to be due to mitral stenosis was noted. 
She then began to complain of prickling, tingling, blueness and coldness of her 
feet when she attempted to stand. Exertion or excitement increased her heart rate 
to 140 and caused tachypnea. Vertigo and muscae volitantes were noted. 

The patient entered the University Hospital in August 1932 complaining of a 
rapid, pounding heart beat, a sense of fulness “as if the heart valves were too 
small,” a sense of choking, swelling of the ankles and hands, blueness of the legs 
and arms when held dependent and general nervousness. She was most worried 
by the possibility of tuberculosis. She had spent most of the fifteen months 
prior to admission in bed and had gained 27 pounds (12.2 Kg.). Her history was 
unimportant. Except for repeated severe attacks of tonsillitis in childhood her 
health had been good. The menstrual cycles were normal and regular. Her 
tonsils and hemorrhoids were removed in 1921. Several teeth were extracted in 
1930. Roentgen examination of the chest in 1931 gave negative results and a 
tuberculin test was positive. Her mother had died of tuberculosis in 1909 at the 
age of 49. One brother died of tuberculosis in 1915. One sister had undergone 
thyroidectomy for complaints similar to those of the patient. 

Physical examination revealed a pale, pudgy, well developed, flabbily obese 
woman weighing 171 pounds (77.6 Kg.). The swelling of the hands and ankles 
noted by the patient appeared to be due to adiposity. The corneal and pharyngeal 
reflexes were sluggish. The heart and lungs were normal. The heart rate varied 
from 60 to 120; after exercise it was 144 and while the patient was asleep, 60. 
The blood pressure varied from 126 to 144 mm. of mercury systolic and from 72 
to 76 mm. diastolic; during sleep it was 100 systolic and 70 diastolic. The respira- 
tory rate was normal at all times. When the legs were held over the edge of the bed 
they becme cyanotic and cold in a few minutes. The patient said they also became 
numb, 

Laboratory tests and roentgenographic studies of the heart and lungs gave nega- 
tive results. Electrocardiograms on three occasions were normal. The sedimentation 
time of the blood was normal. The basal metabolic rate was plus 1 and minus 9 
per cent. Intradermal injection of old tuberculin (0.1 mg.) on two occasions 
produced erythema and an induration of 1% inches (3.8 cm.) diameter in forty- 
eight hours without focal or general reaction. 


Temperature——During most of the three month period of observation the oral 
temperature was measured at four hour intervals during the day. It fluctuated 
between 37 C. (98.6 F.) and 37.4 C. (99.3 F.), occasionally not touching the 
normal level for several days. The mean temperature was 37.1 C. (98.7 F.) at 8 
a. m. and 37.3 C. (99.1 F.) at 4 p. m., with standard deviations of 0.54 and 0.38, 
respectively. There was a slight tendency to somewhat higher levels one week pre- 
ceding the menstrual period. Registrations made at shorter intervals during the 
day and night showed a greater range of fluctuation. The level was usually highest 
in the late morning, though seldom over 37.7 C. (99.8 F.). At midnight it occa- 
sionally registered 36 C. (96.8 F.). The highest temperature observed was 38 C. 
(100.4 F.), which indicates a range of 2 C. (3.6 F.). 

The patient talked readily and at length about her symptoms and appeared to 
be nervous and apprehensive. She was convinced by previous physicians that she 
had cardiac disturbance and was now worried about tuberculosis. She was often 
irritable and complained about the nursing service and other matters. She was 
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greatly displeased at the inability of the physicians to detect any organic abnor- 
malities to account for her symptoms and left the hospital suddenly in a display 
of violent temper. 


Experimental Study.—The patient was given 4 Gm. of sodium salicylate on one 
day and 1.2 Gm. of amidopyrine in divided doses on another day without evidence 
of antipyresis. A dose of 0.36 Gm. of phenobarbital followed by 0.015 Gm. oj 
morphine produced drowsiness and dozing which lasted several hours, during 
which time the temperature was subnormal at a time of the day when it was 
almost invariably at a fever level (fig. 2). Curiously, however, anesthesia lasting 
two hours after the rectal instillation of 3.8 cc. of tribromethanol (avertin) failed 
to lower the temperature. Administration of 0.5 cc. of a 1:1,000 solution of 
epinephrine chloride failed to produce a striking change in the temperature and 
pulse rate. No effect was noted after the daily administration of 0.18 Gm. of thyroid 
for ten days. On November 9, the final day of observation, when the patient 
exhibited sudden violent anger the temperature shortly after the outburst reached 
38 C. (100.4 F.), the highest peak observed during three months (fig. 2). 


Course.—After leaving the hospital the patient went directly to another physi 
cian who gave her compound solution of iodine, U. S. P., and subsequently removed 
the thyroid gland, which was slightly enlarged. Her temperature was measured 


Chart 2—The temperature curve in case 2, showing the relative effects of 
certain antipyretic and sedative drugs and the effect of psychic stimulation on the 
temperature level. 


before and for a short time after thyroidectomy and was found to be elevated as 
usual. When the patient was induced to visit the hospital again for observation 
about a year later (November 1933), she stated that most of her symptoms had 
disappeared. She had maintained a rigid diet and had lost 14 pounds (6.4 Kg.) 
or about one half of the excess weight which had previously been gained by pro- 
longed rest in bed. She then undertook work as a housemaid and lost another 
14 pounds (6.4 Kg.), which restored her weight to normal. She refused to submit 
to examination other than the measurement of the temperature and pulse. How- 
ever, her lips were cyanotic, the heart rate was 112, and the temperature, 37.3 C. 
(99 F.). : 


Comment.—This patient was definitely neurotic. She was anxious 
to establish her symptoms, real and imaginary, on an organic basis, 
and until the thyroid gland was removed she obtained no benefit. | 
do not believe that she suffered from hyperthyroidism or from any 
of the numerous other diseases suggested by the physicians consulted, 
but the psychic effect of operation and the later resumption of work 
appeared to relieve her of the multifarious symptoms. The fact that the 
temperature and pulse rate were still elevated one year after thyroid- 
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ectomy indicates no relationship in this case to thyroid dysfunction. 


She was regarded as a neurotic person with cardiac and vasomotor 
instability and habitual hyperthermia. Her temperature was not influ- 
enced by antipyretics, was depressed by morphine and was increased 
by emotional excitement. 


Case 3.—History.—Miss K. U., aged 35, was born in Poland, suffered much 
during the World War and came to the United States in 1926. She was very 
homesick, oriented herself with great difficulty and lived unhappily with relatives. 
She obtained work as a dish-washer. In March 1927 she had a severe cold, sore 
throat and pains in the chest which confined her to bed for a month. She recov- 
ered from the acute attack, but her physician noted that the temperature persisted 
at about 37.7 C. (99.8 F.) and enforced rest in bed for five months. After this 
the patient never felt equal to resuming work because of weakness. Roentgeno- 
grams of the chest showed nothing abnormal. The tonsils were removed because 
of the fever. After about a year of observation she was sent to a sanatorium for 
the treatment of tuberculosis for six months. Slight fever was noted almost 
daily, but she was discharged as nontuberculous. In October 1930 her physician 
first noted nystagmus, although the patient and her relatives had noted it since the 
onset of her illness in 1927. Because of indefinite abdominal distress she was 
examined for peptic ulcer in 1931. A Mantoux test performed in 1932 was said 
to have been positive. 

The patient first came to the University Hospital in April 1933. She com- 
plained of indefinite pains in the back of the neck, chest, abdomen and arms and 
of insomnia, constipation, belching, occasional headache and dizziness but especially 
of weakness. The symptoms were usually worse in the winter. Her menstrual 
history was unimportant. 

Physical examination revealed a reticent, sensitive woman apparently in good 
health. She was conversant and cooperative but cried easily during questioning 
and stated that she was almost without hope of getting well and returning to 
work. She usually sat or lay quietly, doing nothing and exhibiting little interest 
in her surroundings. She moved and talked slowly. Her weight was 119 pounds 
(54 Kg.). Only two abnormalities were discovered—nystagmus and hyperthermia. 
There was an almost constant nystagmus of the third degree. On looking straight 
forward, nystagmus was vertical with the quick component down; on looking to 
the left, it was either vertical or horizontal with the quick component to the left. 
On looking to the right the same type of nystagmus occurred except that the 
quick component was to the right. All other ophthalmoscopic, otolaryngoscopic 
and neurologic tests performed by various consultants during several periods of 
hospitalization revealed no different or further results. The results of the chair 
and of the caloric test and the hearing and the eyegrounds were normal, and the 
tests of the visual fields gave normal results. 

The thyroid gland was palpable and slightly enlarged, and there was slight 
acropachy of all of the fingers. A systolic murmur was audible. The blood 
pressure was 125 mm. of mercury systolic and 80 mm. diastolic. Roentgenograms 
of the sinuses, the chest, the spine and the mediastinum showed no abnormalities. 
The injection of 0.01 mg. of old tuberculin intradermally produced a raised indu- 
rated area 2 cm. in diameter in twenty-four hours without focal or general reaction. 
The Brucella skin test gave a negative reaction. The laboratory data were all 
normal including the results of the morphologic studies of the blood, and the 
examination of the spinal fluid, the sedimentation time, the electrocardiogram, the 
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Wassermann reaction and the agglutination tests for undulant fever and typhoid 
The basal metabolic rate was —4 and —6 per cent on two occasions. 

The patient was discharged in July 1933 after an observation of three months 
and was readmitted in September 1933 for six weeks’ and in April 1934 for three 
weeks’ observation. During these intervals one physician administered vaccit 
intravenously for “arthritis” and another tested her for hypersensitivity to a larg: 
number of proteins without positive results. Laboratory tests and clinical obser 
vation revealed no new information during the subsequent periods of observation 
The complaints, the temperature, the weight and the reaction to tuberculin remained 
as during the first observation. 


Temperature.—During the entire period of observation of about five months 
there were only three days on which the temperature failed to rise above 37 ( 
(98.6 F.). When readings were made at two hour intervals during the day th 
temperature invariably exceeded this level. The lowest reading recorded at these 
intervals was 35.7 C. (96.2 F.), a maximum range of 1.8 C. (3.4 F.). The lowest 
temperatures occurred between 12 p. m. and 2 a. m. (fig. 3). The average tem- 
perature at 8 a. m. was 36.9 C. (98.4 F.), with a standard deviation of 0.41, and at 
4 p. m., 37.2 C. (98.89 F.), with a standard deviation of 0.27. As in cases 1 and 2, 
the temperature tended to reach its highest levels in the second half of the menstrual 
cycle. 


Chart 3.—The temperature curve in case 3, showing the wide daily fluctuations 
and the effects of certain antipyretic and sedative drugs on the temperature level 


Experimental Study.—Amidopyrine, 1.8 Gm., given in divided doses on several 
occasions, and a derivative of isopropylantipyrine,!1 1.8 Gm., had no antipyretic 
effect. Hypodermic injection of 30 mg. of morphine sulphate failed to produce 
narcosis but appeared to cause excitement, restlessness and nausea and elevation 
of the temperature to a higher level than usual. A small dose of 1.2 cc. of tincture 
of opium failed to influence the level, but 2.6 cc. caused several hours of drowsiness 
and intermittent light sleep, during which time the temperature appeared to be 
lowered (fig. 3). Anesthesia lasting for ninety minutes induced by the rectal 
instillation of 4 cc. of avertin was also accompanied by a depression of the tempera- 
ture and by a decrease of 30 mm. of mercury in the systolic blood pressure. Inges- 
tion of 0.45 Gm. of sodium amytal by mouth produced drowsiness and a short period 
of sleep without depressing the temperature. Antispasmodics of smooth muscle, 
such as benzyl succinate, 4 Gm., and mono-bromosalicyl alcohol likewise had no 
influence on the usual temperature level. 


Sudden strenuous exercises like climbing and descending five flights oi 
stairs for fifteen minutes and the hypodermic injection of 0.5 cc. of epinephrine 


11. This drug was supplied by Hoffmann-LaRoche, Inc. 
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chloride failed to cause a significant rise in temperature. The intravenous injection 
of 0.2 cc. of typhoid vaccine was followed in two hours by a chill and a rise in 


temperature to 38.3 C. (101 F.). 


Comment.—It appears that the type of neurosis affecting this patient 
differs from that observed in case 2. The patient in case 3 appeared 
to be of the depressed, indolent or morose type in whom one would 
expect to find a temperature lower than the normal. No definite expla- 
nation can be advanced to account for the permanent nystagmus. 
Several consultants have inclined to my suggestion that both the 
nystagmus and the elevation in temperature were due to the residual 
effects of encephalitis which may have occurred during her illness in 
1927. But the records of this illness do not bear this out. Multiple 
sclerosis, tumor of the brain or cord and tuberculoma were considered 
but not substantiated by facts. The history of emotional unrest, 
immigration and its attendant difficulties and unpleasant home life was 


conducive to the development of a neurosis which in my opinion was 


the underlying cause of the complaints. The temperature was not 
influenced by antipyretics but was depressed by certain narcotics, thus 
indicating its noninfectious origin. 


CasE 4.—History.—Miss E. R,. aged 47, stated that she had felt tired and weak 
all her life and had suffered continually from cold and aching feet and hands. 
In 1920 she noted a slight cough, pain in the chest and left arm, generalized aching 
pains and increasing weakness. She visited a physician who diagnosed the condi- 
tion as neuritis and sent her to a hospital for a month’s observation. No abnor- 
mal changes were discovered except that the temperature, which was measured 
twice a day, was frequently as high as 37.6 C. (99.6 F.). She was discharged 
with a diagnosis of chronic bronchitis. She thought that she did not improve, and 
another physician in 1921 removed her tonsils and all of her teeth because of the 
fever and told her that she had inflammation of the heart and possibly tuberculosis. 
The patient was then sent to a sanatorium for the treatment of tuberculosis for 
fourteen months. During this time the oral temperature in the afternoon was 
almost constantly higher than 37 C. (98.6 F.), but it never exceeded 37.8 C. 
(100 F.). She was unaware of fever. The pulse rate varied from 60 to 90. Her 
weight increased from 123 to 146 pounds (55.8 to 66.2 Kg.). She was discharged 
as nontuberculous. 

For a number of years she maintained a fairly normal amount of activity but 
always felt tired, had aching pains and was weak. In 1929 because of pains in 
the legs she visited a clinic, where a diagnosis of thrombo-angiitis obliterans was 
made. After various forms of treatment she was discharged “completely relieved.” 
In 1931 she visited another clinic complaining of pains in the muscles and joints, 
extreme weakness, itching, numbness and tingling of the feet and somnambulism. 
3ecause of the presence of achlorhydria, a hemoglobin content of 60 per cent and 
an erythrocytic count of 3,500,000, a diagnosis of pernicious anemia was made, 
and treatment with raw liver was instituted. The anemia was corrected, but 
eosinophilia (percentage, 58) developed, probably as a result of the treatment. 
Eosinophilia persisted for several months. In 1932 she was admitted to another 
hospital for the investigation of the cause of the eosinophilia. At this time the 
complaints were weakness, sleepiness, numbness, an itching skin, aching pains, 
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dizzy spells, perspiration, ravenous appetite, dyspnea, palpitation and purring inside 
the chest. Nothing could be found to account for these symptoms. . The physical 
examination and the roentgenographic studies of the chest, gastro-intestinal tract, 
spine and ribs gave negative results. Laboratory studies revealed nothing sig- 
nificant except the eosinophilia, which was diminishing. The basal metabolic rate 
on two occasions was +9 and —13. During this visit and six subsequent visits 
to the hospital the patient was given many injections of typhoid vaccine without 
any relief of symptoms. A temperature varying from 37.3 C. (99.2 F.) to 37.9 C. 
(100.2 F.) was noted continually. 

3y this time the patient’s financial resources were exhausted, and she was 
referred to the University Hospital on April 7, 1934, for further study. Nothing 
need be added to the voluminous record except that the family history was irrele- 
vant. Menstruation had always been irregular and had ceased five years before. 
The chief complaints were abdominal pains and distention. She was rather pale 
but cheerful, intelligent, cooperative and anxious to discuss her case. No abnormal 
physical signs were found. The weight was 136 pounds (61.7 Kg.). Both dorsalis 
pedis arteries were pulsating, and a determination of the vasomotor index gave a 
normal value. The roentgenographic and laboratory studies gave normal results, 
including the sedimentation time and the morphologic characteristics and number 
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Chart 4.—The temperature curve in case 4, showing the effect of various drugs 
on the temperature level. 


of the blood cells. The basal metabolic rate was —15, and the temperature mea- 
sured 37.2 C. (98.9 F.). Achylia gastrica was present. The weight was 143 pounds 
(64.9 Kg.). The Mantoux test produced an area of erythema 2 cm. in dianteter 
with the injection of 0.1 mg. of old tuberculin. 

Temperature——The oral temperature, measured at two hour intervals, was sub- 
normal during the night, ranging from 36.1 C. (97 F.) to 36.3 C. (97.4 F.), and 
usually reached its highest point in the afternoon, varying from 37.6 C. (99.6 F.) 
to 37.8 C. (100 F.). The highest level observed was 38 C. (100.4 F.). The 
average morning temperature was 36.9 C. (98.4 F.), with a standard deviation of 
0.55, and the average afternoon temperature, 37.4 C. (99.3 F.), with a standard 
deviation of 0.28. The curve of the pulse rate paralleled that of the temperature 
in its rise and fall and ranged from 66 to 90 beats per minute. 

Experimental Situdy—Amidopyrine and a derivative of isopropylantipyrine 
failed to lower the temperature, while powdered opium, which caused drowsiness 
and light sleep for an hour or two, apparently lowered the level (fig. 4). Benzyl 
succinate, 4 Gm., failed to influence the curve. Rapid climbing of stairs for ten 
minutes had no appreciable effect on the temperature, nor did the subcutaneous 
injection of 1 cc. of a 1: 1,000 solution of epinephrine chloride (fig. 4). 
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Comment.—It is possible that neurosis was aggravated in this patient 
by medical oversolicitude. The array of suggested diagnoses and the 
amount of treatment given no doubt have a definite mental effect on a 
certain type of person. The temperature, maintained for fourteen years 
at a fever level, which caused concern to physicians but not to herself, 
probably has no significance. The condition failed to respond to anti- 
pyretic drugs and was depressed by opiates, as would be expected in a 
normal person. 


Case 5.—This case constituted a diagnostic problem and illustrates the diffi- 
culties encountered in cases of this type in determining the cause or nature of 
the fever. Miss R. R., a nurse aged 22, had acute rheumatic fever at the age of 
4 years. In 1931 sudden pain developed in the epigastrium which troubled her 
more or less after that. All results of studies at this time were negative except 
that a temperature of from 37.2 C. (99 F.) to 37.8 C. (100 F.) was constantly 
present during the day. The appendix was removed, but the symptoms persisted. 
For the next two years she spent part of her time in bed because of tiredness and 
weakness. On one occasion pains in the joints occasioned a diagnosis of recurrent 
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Chart 5.—A shows the antipyretic effect of amidopyrine and the slight depres- 
sant effect of opium on the temperature in a case of undulant fever. B shows that 
in case 5, in which the elevated temperature was believed to be of infectious origin, 
amidopyrine and opium both caused a fall of temperature. 


acute rheumatic fever. In 1933 the patient returned to the hospital where she 
has been confined in bed to the time of writing this report. The chief complaints 
are occasional pain in the epigastrium and in the right upper quadrant, vomiting, 
weakness and nervousness. The nervousness and irritability are markedly 
increased during the menstrual period. Rheumatic infection, tuberculosis, undulant 
fever, subacute bacterial endocarditis and Hodgkin’s disease were considered as 
diagnostic possibilities. 

Physical examination revealed a well nourished but pale, nervous and appre- 
hensive person. No abnormalities except a short, high-pitched diastolic murmur 
along the left sternal edge were discovered in the chest. There was tenderness 
deep in the right upper flank. Cystoscopy and intravenous and retrograde pyelo- 
grams were negative. All of the laboratory tests including blood cultures, tests 
of the sedimentation time, numerical and morphologic studies of the blood cells 
and roentgenographic studies gave negative results. Agglutinins for Brucella were 
of insignificant titer. The number of leukocytes averaged from 5,000 to 6,000. 
The Mantoux test was slightly positive. 

The temperature was with few exceptions elevated in the daytime during the 
eight month period of observation. In contrast to the temperature levels of the 
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four patients just described, it tended to be more irregular. For several weeks it 
seldom exceeded 37.8 C. (100 F.) except for occasional peaks of 38.3 C. (101 F.). 
At other times it reached 39.5 C. (103 F.) or 39.7 C. (103.5 F.) for several days 
and was occasionally accompanied by a chill. The patient felt ill during these 
periods and was fully conscious of the fever. The temperature on one occasion 
appeared to be uninfluenced by the employment of 1.2 Gm. of amidopyrine; on 
another it dropped abruptly after the administration of 1.8 Gm. from 37.4 C. 
(99.4 F.) to 36.7 C. (98 F.) and remained low during the day (chart 5). The 
antipyretic effect was typical of that produced by amidopyrine in cases of infection. 
Powdered opium produced several hours of drowsiness and relaxation and a dis- 
tinct drop in the temperature level for several hours. 


Comment.—The cause of the elevated temperature and symptoms in 
this case is uncertain. The patient appears to be neurotic as well as ill, 
although the results of blood studies and the sedimentation time did 
not indicate the presence of an infection. The response of the fever 
to an antipyretic drug further suggested that the fever was of infectious 
origin. 

The effect of doses of antipyretics and opiates similar to those 
administered to the patients just discussed was tested on several patients 
suffering from known infections and on one with Hodgkin’s disease. 
A woman with chronic ulcerative colitis whose temperature reached 
39.5 C. (103 F.) or 40 C. (104 F.) daily for several weeks was given 
1.2 Gm. of amidopyrine between 6 and 9 a. m. during the period in 
which increase of fever usually occurs. The temperature, having 
reached 38.4 C. (101 F.) at 8 a. m., dropped rapidly to 36.8 C. (98.2 F.) 
and remained at 37 C. (98.6 F.) until 2 p. m., increasing to 37.4 C. 
(99.4 F.) at 6 p. m. Sodium phenobarbital in a dose of 0.36 Gm. by 
mouth was given on another day at 9 a. m. and again at noon. The 
patient slept from 1 to 4 p. m. The temperature reached 39.3 C. 
(102.8 F.) at noon, dropped to 38.3 C. (101 F.) at 4 p. m. and rose to 
39.5 C. (103 F.) at 6 p. m. 

A man with undulant fever whose temperature fluctuated between 
a normal level and 38.3 C. (101 F.) daily for several weeks was given 
0.6 Gm. of amidopyrine at 8 and 10 a. m. The temperature which had 
begun its usual ascent at 8 a. m. dropped promptly and descended to 
36.2 C. (97.2 F.) at 5 p. m. (chart 5). On another day 0.14 Gm. of 
powdered opium given at 8 a. m. apparently prevented the temperature 
from reaching its usual height for most of the day. Almost identical 
results were observed in a patient with Hodgkin’s disease with fever of 
long duration. 

DIAGNOSIS 

In separating cases of “habitual hyperthermia” or “neurosis with 
long-continued low grade fever” from cases of fever due to infection, 
hyperthyroidism, intracranial disease and other causes, it is obvious that 
no single group of symptoms, signs, laboratory data and tests suffices. 
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After ruling out organic disease of any nature by an accurate record 
of the history, long careful observation, repeated examinations and all 
the technical means available, it is necessary to consider the picture as 
a whole. There appear to be persons whose temperature is normally 
above the average accepted level of 37 C. (98.6 F.) without other symp- 
toms, signs or complaints, who can be regarded as having genuine 
habitual hyperthermia. Regarding the neurotic person it is questionable 
whether the term habitual hyperthermia is desirable since the fever is 
usually a minor symptom or sign among others of greater concern to the 
patient, notably various evidences of exhaustion of the vegetative nervous 
system and vasocardiac and neuro-endocrine disturbances. In cases of 
this type it is highly desirable to determine the point at which to cease 
further search for an underlying pathologic process to avoid aggravating 
the neurosis, if present, and to avoid unnecessary enforced invalidism 
and expense. It appears to be largely a matter of judgment as to when 
a patient should be told to disregard the abnormal temperature and to 
lead a normal life. 

There are a number of factors and data which are helpful in arriving 
at a diagnosis. The patients usually appear to be well physically and 
according to all objective signs except the fever, but they are often of 
the type regarded as neurotic. There are frequently signs of emotional 
and vasocardiac instability, with labile pulse, cold hands and feet, 
irritability, depression, hypochondria and other features illustrated in 
the four cases reported. In case 1 neurotic symptoms were insignificant, 
but in the others they were outstanding. None of the patients were 
aware of fever; in case 1 the temperature was the only feature which 
concerned the physicians and the relatives. The weight remained prac- 
tically unchanged. All four patients were unmarried women. 

Temperature —Although numerous readings are continually above 
the average normal, the temperature seldom exceeds 37.8 C. (100 F.), 
which may be considered the upper limit of normal, and remains regu- 
lated more or less constantly for years. Temperature curves exhibiting 
occasional high peaks with chills or chilliness, long wavelike periods at 
a high level and a low level alternately or other irregularities are indica- 
tive of an underlying organic process, infectious or otherwise. The 
extreme fluctuations between temperature readings for the day and 
those for the night in the cases reported were considerably greater— 
from 1.2 C. (2.2 F.) to 2 C. (3.6 F.)—than those observed in normal 
persons—O.8 C. (1.5 F.) to 1 C. (1.8 F.)—which is further suggestive 
of vasomotor or nervous lability. 

Drug Tests—According to Hollé and Hollé-Weil® the effects of 
certain drugs on the temperature are diagnostic criteria. They were 
used with apparent success in the cases reported here. In each patient 
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large doses of amidopyrine, isopropylantipyrine, sodium salicylate and 
quinine failed to lower the temperature. Resistance to anttpyretic drugs 
is characteristic of a normal temperature, in contrast to the reaction of 
fever of infectious origin. Unfortunately for diagnostic purposes, feve: 
due to organic brain disease is also uninfluenced by these drugs.’? Th 
effect of opium, morphine, avertin, phenobarbital and sodium amytal 
in lowering the temperature during the period of narcosis further sug 
gests the role played by nervous stimulation in the regulation of tempera 
ture in this type of patient. The effect of relaxation is shown by th 
low levels of temperature attained at night during natural sleep 
Sedative drugs, however, were of less diagnostic value than the anti 
pyretic drugs since the temperature in some cases of infection (chart 5) 
was also somewhat reduced by induced narcosis. It is necessary to 
repeat the drug tests at intervals to avoid misinterpretation due to occa 
sional irregularities of the temperature curve. 

Certain “antispasmodic” drugs had no effect on the temperature 
curve in the cases studied. Epinephrine failed to cause the striking 
increase of fever noted by Cawadias *° in any of the patients reported on 
here. Thyroid extract had no effect on the temperature in case 2. Physical 
exercise caused a distinct rise in temperature in case 1 but not in 
cases 2, 3 or 4. Emotional excitement was especially effective in 
increasing the temperature in cases 1 and 2 but had little effect in cases 3 
and 4. The injection of typhoid vaccine intravenously caused a normal 
response with chill and fever in cases 3 and 4. 

Studies of the Blood—Numerical and morphologic changes in the 
numbers of leukocytes are of importance in ruling out infectious and 
blood diseases. Marked shifts to the right or left in the hemogram and 
evidence of toxicity in the cells are indicative of infection or of organic 
disease. Slight shifts or other changes are of little significance since 
they occur in normal persons and occasionally during actual infections. 
The red blood cell count and hemoglobin content are usually normal. 
Mild secondary anemia was corrected in two cases without influencing 
the temperature curve. 

The sedimentation time of the blood was at one time believed to be 
of great value in differentiating infectious from noninfectious disease. 
Unfortunately the test is not always reliable. The rate may be increased 
in noninfectious disease ** and may be normal in undulant fever ™* and 


12. De Lange, C.: Fieber von 6% jahriger Dauer bei einem Kinde mit ange- 
borenen Missbildungen des Gehirns und Riickenmarks und angeborenem Tumor 
Medullae, Acta pediat. 14:503, 1933. 

13. Reimann, H. A.: Hyperproteinemia as a Cause of Autohemagglutination, 
J. A. M. A. 99:1411 (Oct. 22) 1932. 

14. Curschmann, H.: Ueber die diagnostische Bedeutung der Senkungsreaktior 
bei akuten Infektionskrankheiten, Miinchen. med. Wchnschr. 45:1767 (Nov. 10) 
1933. 
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in other infections. It was normal in cases 1, 2, 3 and 4 and in case 5 
in which the fever was regarded as of infectious origin. 

Agglutinins for typhoid, paratyphoid, undulant fever and tularemia 
when present in high titer are indicative of the respective disease. The 
titer of the agglutinins in question was nil or insignificant in my cases. 

Intradermal Tests—The intradermal tests for undulant fever, 
tularemia and tuberculosis are of value in ruling out infection when the 
reaction is negative and in supporting a diagnosis when the reaction is 
strongly positive. Indefinite reactions are often confusing and of no 
significance. The reaction to tuberculin was positive in cases 2 and 3, 
but no other evidence of tuberculosis was found. 

Basal Metabolism.—The basal metabolic rate is increased in hyper- 
thyroidism and in cases of fever of infectious origin. The rate was 
within normal limits in each of my four patients even when the tempera- 
ture was elevated. The rate may also be normal during fever caused 
by brain lesions, which lessens its diagnostic value in the type of case 
under discussion. Chemical studies of the blood in my cases failed to 
indicate metabolic disturbances. 

TREATMENT 

The patients were informed that no dangerous cause existed for their 
complaints and fever and that certain persons normally have elevated 
temperature. With this assurance they were advised to lead a normal 
life and to disregard the symptoms. For a certain type of person this 
direction is difficult to follow, as is illustrated in cases 2 and 3 in which 
the patients sought further advice elsewhere. Psychotherapy and occu- 
pational therapy to divert interests were of considerable success in 
cases 2 and 4. Each patient was urged to return for reexamination 
at least once or twice a year. 

SUMMARY 

A careful study of four cases failed to reveal any organic basis for 
prolonged low grade fever known to have existed for at least twenty- 
one, six, seven and fourteen years, respectively. The table shows the 
variations expected in a population and indicates the wide normal range 
of temperature, with the extremes at 36.1 C. (97 F.) and 38 C. 
(100.39 F.). Statistical analysis of the records of temperature of the 
four patients indicates that in each the range fell well within the limits 
of normal. The temperature in certain normal persons may be regu- 
lated slightly above the usually accepted normal level, and in some per- 
sons of a neurotic nature the elevated temperature is one of the signs 
of their abnormal constitutional type together with other evidence of 
vasocardiac and nervous instability. It is important to realize that per- 
sons of this nature are not rare and that once the condition is recognized 
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further useless search for an underlying pathologic process is obviated 
and proper guidance can be undertaken. The condition should be 
regarded as a neurosis or as habitual hyperthermia only after thorough 
and prolonged examination fails to reveal an organic basis. There are 
no infallible criteria for determining a diagnosis. Each case must h« 
regarded individually. Certain data helpful in establishing a diagnosis 
are discussed, but the picture must be regarded as a whole, with especial 
emphasis on the constitutional type of person, the nature of the symp- 
toms and signs, the constancy of the temperature, the absence of evi- 
dence of infection or other organic disease, the constancy of weight, the 
normal metabolism and the response to antipyretic and narcotic drugs. 











INITIAL ATTACKS OF RHEUMATIC FEVER IN 
PATIENTS OVER SIXTY YEARS OF AGE 
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BOSTON 


Within the past few years initial attacks of rheumatic fever have 
been observed with surprising frequency in the Boston City Hospital 
in patients past middle life, and in six instances in patients over 60 
years of age. Since initial attacks of rheumatic fever are generally 
considered to occur in childhood or in early adult life, such a diagnosis 
in patients past middle life necessarily requires rigid criteria; however, 
when one encounters in an elderly patient with polyarthritis electro- 
cardiographic changes consistent with rheumatic fever, in addition to 
other rheumatic manifestations, the diagnosis should be strongly 
entertained. 

In cases of elderly patients with polyarthritis the diagnosis of rheu- 
matic fever is often dismissed largely because of the age of the patient. 
For this reason and because initial attacks of rheumatic fever are rarely 
described in elderly people, we are reporting the six cases in which we 
believe the first attack occurred after the age of 60. 

Of these six patients, three died, and the diagnosis of rheumatic 
fever was confirmed at autopsy. In the cases with recovery the diag- 
nosis was based on the presence of polyarthritis, together with active 
cardiac involvement, such as pericarditis, endocarditis and fluctuating 
disturbances of the conduction system in the heart, and a clinical course 
consistent with the disease. It is difficult to determine whether a given 
attack represents the onset of rheumatic fever, but in the absence of a 
history of previous involvement of the joints or other rheumatic mani- 
festations and with the lack of clinical evidence of rheumatic heart dis- 
sase, such an assumption is justified. 


REPORT OF CASES 


Case 1.—I. B., a 79 year old American widow, was admitted to the hospital 
complaining of pain in the joints. Two weeks before admission pain and swelling 
developed in the right hand, the right shoulder and both wrists following a “head 
cold.” For six months she had occasional fleeting pains in the wrists and 
shoulders. There was no history of rheumatism or chorea. 


From the Thorndike Memorial Laboratory, Second and Fourth Medical 
Services (Harvard), Boston City Hospital, and the Department of Medicine, 
Harvard University Medical School. 
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On physical examination the patient was found to be comfortable in the hori- 
zontal position, and respirations were 20 per minute. The borders, of the heart 
could not be measured because of obesity. The cardiac rate was 100 beats per 
minute, and premature beats were frequently detected. A medium-pitched systolic 
apical murmur was heard, and at times a suggestive gallop rhythm was detected. 
The systolic blood pressure was 130 mm. of mercury, and the diastolic, 80 mm. 
The lungs were clear except for a few coarse moist rales at the base of each 
lung. Swelling, tenderness and local heat were present in the left hand and in 
both wrists, and there was pain on motion in both ankles and in the left shoulder. 
The temperature was 100.6 F. The remainder of the examination revealed condi- 
tions essentially within normal limits for a person of the patient’s age. 

Examinations of the urine revealed nothing abnormal. The hemoglobin was 
60 per cent (Sahli), and the erythrocytes numbered 3,500,000 per cubic millimeter 
of blood and the leukocytes, 15,800, 84 per cent of which were polymorphonuclear 
neutrophils. The red blood cells showed moderate achromia. The nonprotein 
nitrogen of the blood was 60 mg. per hundred cubic centimeters. The Kahn reac- 
tion of the blood was negative. Roentgen examination revealed clear pulmonary 
fields and a slightly enlarged heart. The electrocardiogram showed a normal sinus 
rhythm but a prolonged conduction time, the P R interval being 0.24 second. 

Soon after admission the temperature fell to 99 F., and the severity of the 
symptoms in the joints lessened, but the leukocyte count remained between 16,000 
and 20,000 per cubic millimeter. Intractable vomiting and abdominal distention 
developed, and on the seventh day after admission the temperature rose rapidly 
to 102.4 F., and the respiratory rate increased. The patient died twenty-four hours 
later. 

Postmortem examination revealed a hypertrophied heart weighing 410 Gm., 
with some thickening of the free edges of the mitral and tricuspid leaflets but with 
no resulting deformity and no shortening of the chordae tendineae. The aortic and 
pulmonary valves were normal. There was no gross abnormality of the myo- 
cardium or endocardium. Some sclerosis of the coronary arteries was present. 
The remainder of the examination revealed the following abnormalities : congestion 
of the lungs and liver, bilateral healed pleuritis, old healed peritonitis with many 
fibrous adhesions, chronic cholecystitis and cholelithiasis, cysts of the right ovary, 
benign nephrosclerosis and slight arteriosclerosis. 

Histologic examination of the myocardium revealed numerous well formed 
typical Aschoff bodies. There was no evidence of old rheumatic lesions. 

Whereas the clinical and electrocardiographic findings were consistent with 
the diagnosis of rheumatic fever, this diagnosis was questioned on account of the 
patient’s advanced age. Death was apparently the result of myocardial failure. 

Case 2.—E. R., a 65 year old Syrian merchant, was admitted to the hospital 
complaining of sudden pain in the right side of the thorax and weakness of two 
weeks’ duration. These symptoms were accompanied by shortness of breath and 
dizziness and were followed within a few hours by a cough productive of blood- 
tinged sputum. During this illness the patient had fever and profuse sweats. No 
history of symptoms in the joints was obtained. 

On examination the patient was dyspneic, and the respiratory rate was 40 per 
minute. Percussion revealed a slightly enlarged heart, the left border being 10 
cm. from the midsternal line in the fifth intercostal space. The cardiac rate was 
100 beats per minute, and on auscultation a rapid tick-tack rhythm was heard. 
Dropped beats occurred frequently, the normal beat being replaced by a distant, 
rumbling sound, which was interpreted to be the auricular systole. The systolic 
blood pressure was 115 mm. of mercury, and the diastolic 78 mm. Examination 
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of the lungs revealed dulness at the base of the right lung and diminished voice 
conduction over the same area; a few fine rales were present. The temperature 
was 101.6 F. 

The urine was essentially normal. The hemoglobin was 70 per cent (Sahli), 
and the leukocytes numbered 11,700 per cubic milfimeter. The Kahn reaction of 
the blood was negative. Roentgen examination of the lungs suggested either 
fluid or consolidation at the base of the right lung, but repeated thoracenteses pro- 
duced no fluid. Unfortunately, electrocardiographic tracings were not obtained. 

The patient’s condition rapidly improved following admission, and the tempera- 
ture reached normal on the fifth day. After seven more days he was well enough 
to be out of bed, but the marked weakness continued, and the pulse rate remained 
elevated, ranging between 100 and 110 beats per minute. During this time he 
complained of pain in the left shoulder, which was relieved by the local application 
of methyl salicylate. Three weeks after admission the temperature rose again; 
the respiratory rate increased, and pain developed in the left axilla. Over 
this area a pleural friction rub was heard, and dulness and diminished voice con- 
duction were also present. These symptoms and signs subsided within a few days. 
Ten days after the attack, however, while the patient was in bed, excruciating pain 
suddenly developed over the precordium, accompanied by marked respiratory dis- 
tress, and he died within a few hours. 

At autopsy the heart was small (245 Gm.) and appeared grossly normal save 
for atherosclerotic plaques at the bases of the mitral, aortic and pulmonic valves 
and moderate sclerosis of the coronary arteries. No valvular pathologic process 
was found. 

Other abnormal changes were: pulmonary infarcts, obliteration of both pleural 
cavities by fresh and old fibrous adhesions, acute splenitis, benign nephrosclerosis, 
benign hypertrophy of the prostate and generalized arteriosclerosis. 

Microscopically, several typical Aschoff bodies were present in the section of 
myocardium. No old lesions were noted. 

In this case the symptoms and death were the result of pulmonary infarction. 
Because of the small degree of involvement of the joints and because of the patient’s 
age the diagnosis of rheumatic fever was not considered clinically, and the cardiac 
abnormalities were attributed to arteriosclerotic heart disease. 

Case 3.—E. E., a 61 year old white machinist, had been in good health until 
two weeks before admission, at which time a “head cold” developed, which was 
followed within seven days by pain in the shoulders, back and knees. Three days 
before admission he became dyspneic, and a paroxysmal cough developed; these 
symptoms became increasingly severe up to the time of admission. There was no 
history of involvement of the joints or of chorea. 

Physical examination revealed an obese man with obvious dyspnea and orthop- 
nea. The respiratory rate was 40 per minute. There was slight cyanosis of the 
lips. The heart was enlarged to the left; percussion revealed the left border of 
dulness 12 cm. from the midsternal line in the fifth intercostal space. The cardiac 
rate was 110 beats per minute; the sounds were of fair quality. Over the apical 
region a loud blowing systolic murmur was heard. The systolic blood pressure 
was 140 mm. of mercury, and the diastolic, 78 mm. The radial arteries wer 
thickened. Examination of the lungs revealed an asthmatic type of breathing, with 
musical and sonorous rales present throughout both lungs. There were pain on 
motion in both knees and shoulders and moderate pitting edema of the ankles. 
The temperature was 98.6 F. 

The urine contained a large trace of albumin and an occasional red blood cell 
in the sediment. The hemoglobin was 40 per cent (Sahli), and the leukocyte 
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count was 7,500 per cubic millimeter. The nonprotein nitrogen of the blood was 
60 mg. per hundred cubic centimeters. The Kahn and Wassermani reactions of 
the blood were negative. 

Although the temperature remained normal, the symptoms in the joints 
increased, and the respiratory rate became elevated. On the fifth day following 
admission the temperature rose, the patient coughed up blood-streaked sputum, and 
signs of consolidation developed at the base of each lung. He lapsed into coma 
and died on the following day. 

At autopsy there was slight hyaline and fibrous scarring of the pericardium 
The heart was enlarged (650 Gm.), with distention on the right side. The myo- 
cardium was mottled with yellow and brown. The tricuspid, pulmonary and 
aortic valves were normal save for a small petechial hemorrhage in one leaflet 
of the tricuspid valve. The mitral valve was slightly thickened, and minute firm 
granulations suggesting rheumatic lesions were present on an area 1 cm. in length 
There was sclerosis of the coronary arteries and of the aorta at the level of the 
coronary orifices, and a nodule measuring 3 mm. extended into the lumen at this 
point. 

In addition to these observations there were: pulmonary congestion and edema ; 
passive congestion of the liver, spleen and kidneys, resulting from cardiac failure ; 
bronchopneumonia; benign nephrosclerosis, and marked arteriosclerosis throughout 
the aorta. 

Microscopically, numerous typical Aschoff bodies were scattered throughout 
the myocardium. All these appeared to be of recent origin. 

The clinical diagnosis of rheumatic fever was questioned because of the patient's 
advanced age. The outstanding clinical symptoms were referable to the joints 
and to the heart. There was evidence of myocardial failure both clinically and 
at postmortem examination, but death was the direct result of terminal broncho- 
pneumonia. We were unable to decide whether the cardiac hypertrophy was due 
to arteriosclerosis or was related to the rheumatic disease. 


Case 4.—J. O., a 62 year old cabinetmaker, had had intermittent attacks of 
polyarthritis accompanied by fever for one year previous to admission, during 
which time the family physician had observed the appearance of signs of mitral 
stenosis. The patient had steadily lost weight and had become progressively 
weaker. Two days before admission a sharp, stabbing pain over the precordium 
and a dry cough developed. Except for having had typhoid fever at the age of 
21, the patient had always been in good health. No history of rheumatism or 
chorea was obtained. 

Physical examination revealed moderate emaciation and some pallor of the 
skin. On percussion the heart appeared normal in size. The cardiac rate was 
100 beats per minute, and premature beats occurred frequently. A loud systolic 
and presystolic murmur were heard over the mitral area of the heart. The sys- 
tolic blood pressure was 130 mm. of mercury, and the diastolic, 90 mm. Exam- 
ination of the extremities revealed swelling, local heat and tenderness of both 
knees and pain on motion in the left shoulder and in both wrists and ankles. The 
temperature was 99.6 F. 

Examination of the urine revealed an occasional hyaline cast. The hemoglobin 
was 80 per cent (Sahli), and the leukocyte count 14,000 per cubic millimeter, with 
78 per cent polymorphonuclear neutrophils. The nonprotein nitrogen of the blood 
was 36 mg. per hundred cubic centimeters, and the uric acid, 2.1 mg. The Kahn 
reaction of the blood was negative. Three blood cultures remained sterile. Roent- 
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gen examination showed the lungs to be normal. The initial electrocardiographic 
tracing showed a prolonged P R interval of 0.24 second; the axis was normal. 
Following admission the temperature remained elevated, varying from 100 to 
102 F. The symptoms in the joints persisted in spite of the administration of 120 
grains (7.7 Gm.) of sodium salicylate daily. The leukocyte count remained at 
about 10,000 per cubic millimeter. 

During the fourth week the patient showed clinical evidence of pericarditis, 
pleuritis and patchy areas of consolidation in the lungs, the latter being verified 
by roentgen examination. These severe manifestations lasted approximately five 
weeks. During this period the symptoms in the joints, fever and leukocytosis 
continued, and moderately severe anemia developed, the hemoglobin content falling 
to 52 per cent and the erythrocyte count to 2,900,000 per cubic millimeter. The 
patient complained continually of marked prostration and weakness. 

The fever gradually subsided, and the leukocyte count became normal. Occa- 
sional pains in the joints persisted in spite of the administration of salicylates, 
however, and the patient continued to complain of marked weakness. 

Changes in the cardiac rhythm and the conduction time, as noted in electro- 
cardiographic tracings, were striking. At the time of admission there was partial 
heart block, with a P R interval of 0.24 second. During the period in which peri- 
carditis was present there was a transient auricular fibrillation. Several weeks 
later the PR interval returned to the normal time of 0.16 second. During the 
latter part of the patient’s stay in the hospital frequent tracings showed it to vary 
between 0.25 and 0.22 second. 

Six months after admission the patient was discharged to a convalescent home 
improved, but with active carditis still present, as evidenced by an abnormally 
high pulse rate and prolongation of the P R interval. 

In this case the outstanding symptoms and signs were referable to the joints. 
The clinical course was that of fulminant rheumatic fever, with pancarditis, pleu- 
ritis and pneumonitis. Rapidly progressive anemia and marked prostration and 
weakness were the outstanding features. The diagnosis was based on the occur- 
rence of polyarthritis, together with signs of pancarditis, prolonged abnormal varia- 
tion in the conduction time and the development of mitral stenosis. Failure to 
obtain a history of rheumatic fever, the absence of cardiac enlargement and the 
observation that the valvular lesion had developed during this illness constitute 
the evidence that this was a first infection. The failure of the manifestations in 
the joints to respond to salicylate therapy is not unusual in the presence of involve- 
ment of the lung and pleura. 

Case 5.—A 65 year old unemployed man was admitted to the hospital com- 
plaining of pain in the chest and pain and swelling in the joints. Four weeks 
previously he had a sore throat, followed within two weeks by pain in the right 
side of the thorax, which was accentuated by respiration, and pain and tenderness 
in the ankles and toes. No history of symptoms suggestive of previous rheumatic 
fever or chorea was obtained. 

On physical examination the patient was found to be undernourished and pale 
but except for weakness was comfortable. On percussion the heart appeared to be 
normal in size. The rate was 100 beats per minute; there was an occasional 
premature beat. No murmur or pericardial friction rub was heard. The systolic 
blood pressure was 120 mm. of mercury, and the diastolic, 75 mm. The radial 


1. Myers, W. K., and Ferris, E. B., Jr.: Pleurisy in Rheumatic Fever, 
Arch. Int. Med. 52:325 (Aug.) 1933. 
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arteries were palpable. There was tenderness on heavy percussion along the tenth 
rib in the right axilla, and over this area a pleural friction rub was heard; other- 
wise the lungs appeared to be normal. There were redness, tenderness and some 
swelling of the first tarsometatarsal joints and of the right ankle; the left knee 
was painful on motion. The temperature was 99 F. 

The urine was normal. The hemoglobin was 80 per cent (Sahli) ; the erythro- 
cytes numbered 4,560,000 per cubic millimeter, and the leukocytes, 7,700. The 
uric acid of the blood was 3.7 mg. per hundred cubic centimeters; the Kahn reac- 
tion was negative, and the erythrocyte sedimentation rate was very rapid. Roent- 
gen examination revealed no abnormalities in the pulmonary fields, in the heart 
shadow or in the inflamed joints. Electrocardiographic tracings revealed an abnor- 
mally increased auriculoventricular conduction time of 0.24 second; otherwise the 
rate was within normal limits. 

One week after admission the pleural friction rub disappeared, and the mani- 
festations in the joints subsided, except for slight pain in the knees and toes. The 
course following admission was characterized chiefly by progressive weakness and 
anemia; the hemoglobin fell to a minimum of 42 per cent, and the erythrocytes to 
2,650,000 per cubic millimeter, in spite of the administration of 6 Gm. of iron 
and ammonium citrate daily. Percussion revealed an enlarged heart, and an 
apical systolic murmur developed, which gradually increased in intensity. The 
temperature remained around 99 F., with occasional elevations to 100 F. The 
leukocyte count varied between 5,000 and 14,000 per cubic millimeter. The cor- 
rected erythrocyte sedimentation rate continued to be rapid. 

During the fifth month after admission a painful swelling developed over the 
fourth metacarpophalangeal joint of the right hand, accompanied by tenderness 
and an increase of local temperature. At this time a tentative diagnosis of rheu- 
matic fever was made, and the patient was given 120 grains of sodium salicylate 
daily in divided doses. All the manifestations in the joints subsided immediately, 
and the patient felt greatly improved. The corrected erythrocyte sedimentation 
rate returned subsequently to normal, and although the administration of iron had 
been discontinued, the erythrocyte count and the hemoglobin content steadily rose. 
On the patient’s discharge, eight months after admission, the hemoglobin was 63 
per cent, and the erythrocytes numbered 4,800,000. 

Electrocardiographic tracings taken at intervals revealed striking changes in the 
cardiac conduction time. On admission the P R interval was 0.24 second, and the 
same figure was observed three weeks later. During the seventh week a heart 
block with a ratio of 2:1 between the rate of the ventricles and that of the auricles 
was observed, which was soon followed by complete auriculoventricular dissocia- 
tion. Later the P R interval decreased to 0.24 second and at the time of discharge 
was within normal limits (0.19 second). 

In this case the outstanding symptoms were severe prostration and weakness. 
The diagnosis was based on the occurrence of polyarthritis, together with pro- 
longed and variable changes in the cardiac conduction time, and also on the 
prompt response to salicylate therapy. The assumption that this was the initial 
attack was based on the absence of a history of rheumatic fever, the absence of 
evidence of valvular disease and the fact that the heart was normal in size on 
admission. 

Case 6.—A. M., a 63 year old cabinetmaker, was admitted to the hospital 
because of pain in the joints. Three weeks before admission pain and swelling 
developed in the left elbow, which were followed within a few days by migratory 
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arthritis in all the large joints, as well as in the fingers and toes. No history 
of previous symptoms in the joints or of other rheumatic manifestations could be 
obtained. 

Physical examination revealed a well nourished elderly man in no acute dis- 
tress. On percussion the heart appeared to be normal in size. The cardiac rate 
was 100 beats per minute; the sounds were of good quality, and no murmurs or 
rubs could be heard. The systolic blood pressure was 130 mm. of mercury, and 
the diastolic, 80 mm. The lungs were normal. There were redness, increased 
temperature and tenderness of the right elbow and knee and of both ankles. There 
was pain on motion in the right wrist and in both shoulders. The temperature 
was 101.8 F. The other findings were within normal limits for a person of the 
patient’s age. 

The urine contained only a few leukocytes and an occasional granular cast. 
The hemoglobin was 70 per cent (Sahli); the erythrocytes numbered 3,470,000 
per cubic millimeter, and the leukocytes, 22,300, 87 per cent being polymorphonu- 
clear neutrophils. The corrected erythrocyte sedimentation rate was very rapid. 
Roentgen examinations of the lungs, heart and joints gave negative results. An 
electrocardiographic tracing was within normal limits, except for a PR interval 
of 0.24 second. 

Following the administration of 120 grains of sodium salicylate daily in divided 
doses, the patient showed rapid clinical improvement. The symptoms in the joints 
subsided within a few days, and the temperature and leukocyte count fell to normal 
levels after three weeks. Salicylate therapy was discontinued for three days during 
this period, and the symptoms in the joints promptly returned. Two months after 
admission a series of severe nosebleeds developed when the patient was allowed 
to be out of bed. At the time of writing, six months after admission, the patient 
is free from symptoms, except for fleeting pains in the joints. 
Electrocardiographic tracings taken from time to time showed marked fluctua- 
tion of the cardiac conduction time. The P R interval was 0.24 second on admis- 
sion, 0.28 second two weeks later and 0.22 second at the end of one month. It 
later reached a minimum of 0.16 second and then varied from 0.2 to 0.24 second 
until the sixth month following admission, when it returned to 0.18 second. 

In this case the symptoms and course were prolonged but relatively mild. The 
diagnosis was based on the occurrence of polyarthritis in association with varia- 
tions in the cardiac conduction time, the response of the joints to salicylates and 
other manifestations of rheumatic fever, such as fever, leukocytosis and epistaxis. 
It appeared to be an initial attack because of the evidence on admission of a 
normal-sized heart without valvular disease and the absence of a history of pre- 
vious rheumatic infection. 

COMMENT 

It seems evident that each of these six patients was suffering from 
an initial attack of rheumatic fever. The patients who recovered gave 
no history suggestive of previous rheumatic infection, nor was there 
any evidence of valvular disease or cardiac hypertrophy at the time of 
onset. Those who died presented no evidence of previous infection 
either clinically or at postmortem examination. Von Glahn and Pap- 
penheimer,? in a study of ten cases of rheumatic fever in which the 
2. Von Glahn, W. C., and Pappenheimer, A. M.: Specific Lesions of Periph- 
eral Blood Vessels in Rheumatism, Am. J. Path. 2:235 (May) 1926. 
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patients came to autopsy, reported one case of a patient who similarly 
had the first attack after the age of 60. 

In our cases 5 and 6 the significance of the electrocardiographic 
changes in the diagnosis of rheumatic fever may be open to question, 
particularly in view of the age of the patients and the absence of other 
evidence of cardiac involvement. In patients with hypertensive or 
coronary heart disease abnormal auriculoventricular conduction time, 
when present, is usually permanent and progressive and, as a rule, does 
not fluctuate or return to normal. Transient prolongation of the P R 
interval was observed in many cases of acute infection by Master 
and his co-workers.’ In these two patients, however, abnormal changes 
in the auriculoventricular conduction time persisted long after the 
temperature and the leukocyte count became normal. In the four other 
cases there can be little doubt as to the diagnosis. In cases 1, 2 and 3 
typical Aschoff bodies were found in the myocardium at autopsy; in 
case 4 signs of mitral stenosis developed, and there was other obvious 
evidence of carditis in addition to the electrocardiographic records. 

The signs and symptoms of rheumatic fever in these patients were 
essentially the same as those encountered in younger patients, with the 
possible exception that on the average the manifestations in the joints 
were less intense but more prolonged. The course of the disease appears 
to be just as chronic as in younger persons with a comparable degree 
of cardiac involvement. Of the three patients who survived, all showed 
evidence of active carditis for approximately six months. 

In studies of the age incidence of rheumatic fever various clini- 
cians * noted its occurrence in elderly patients in a significant percentage 
of cases; they presented little conclusive evidence, however, to support 
the diagnosis. During the past five years, of fifty-eight patients ° who 
were admitted to the second and fourth medical services who were 
considered to have their first attack of rheumatic fever and who pre- 
sented definite evidence of active carditis, 45 per cent were 30 years of 
age or older, and 17 per cent were over 40. 

Although the incidence of rheumatic fever is relatively low in 
patients past middle age, we believe that it occurs with sufficient fre- 


3. Master, A. M.; Romanoff, A., and Jaffe, H.: Electrocardiographic Changes 
in Pneumonia, Am. Heart J. 6:696 (June) 1931. Master, A. M., and Jaffe, H.: 
Electrocardiographic Evidence of Cardiac Involvement in Acute Disease, Proc. 
Soc. Exper. Biol. & Med. 31:931 (May) 1934. 

4. Lambert, A.: The Incidence of Acute Rheumatic Fever at Bellevue Hos- 
pital, J. A. M. A. 74:993 (April 10) 1920. Rolly, F.: Der akute Gelenkrheu- 
matismus, Berlin, Julius Springer, 1920. Mackie, T. T.: An Analytical Study 
of Three Hundred and Ninety-Three Cases of Rheumatic Fever and Eighty-Nine 
Cases of Chorea, Am. J. M. Sc. 172:199 (Aug.) 1926. 


5. Only patients over 12 years of age are admitted to the medical services. 
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quency to warrant its careful consideration in all patients of that age 
with polyarthritis. 

CONCLUSIONS 

Six cases of patients over 60 years of age with first attacks of 
rheumatic fever are reported. In three cases the diagnosis was con- 
firmed at autopsy. 

The course of the disease is similar to that in younger persons, 
except that the manifestations in the joints are possibly less intense and 
more persistent. 

In older patients with polyarthritis rheumatic fever should be con- 
sidered as a diagnostic possibility. 

















NOTES ON PERNICIOUS MALARIA 


W. H. KELLEY, M.D. 
AND 
V. P. SYDENSTRICKER, M.D. 


AUGUSTA, GA. 


Malaria remains a hazard of great importance in areas where 
impounded water is abundant and the breeding season of Anopheles is 
long. The high morbidity and mortality rates from malarial infection 
in areas in which the disease is endemic have been adequately demon 
strated by epidemiologic surveys of typical zones... The purpose of 
the present report is to review certain observations made on hospitalized 
patients with malaria during the past fifteen years in an area along th: 
Savannah River. The cases are cited as examples of neglected infec 
tion with more or less alarming symptoms. Simple malarial infections 
have been cared for as a routine in the outpatient department and are 
not considered. 

From Jan. 1, 1919, to Jan. 1, 1934, a total of 814 patients with a 
clinical diagnosis of malaria have been admitted to the University 
Hospital. On examination of 38 of the patients, most of whom had 
taken antimalarial remedies, no parasites were found in the blood, and 
in 76 instances the species of parasite found in the blood was not 
recorded. In 198 of the remaining 700 patients, the infection was 
proved to be of the tertian, and in 502 it was of the estivo-autumnal, 
variety. Mixed infection occurred in 2 patients with the estivo-autumnal 
type of the disease, and double infection was not uncommon in patients 
with tertian malaria. 

The largest number of proved cases of malaria occurred in white 
male patients, as shown in table 1. Differences in incidence according 
to race in the estivo-autumnal group may be accounted for by unequal 
racial distribution of the hospital population. However, the disparity 
in the tertian group is even greater, the white outnumbering the Negro 
patients by 70.5 per cent. According to figures furnished by the bureau 
of public health, more than 70 per cent of the cases of malaria in the 


From the Department of Medicine, University of Georgia School of Medicine, 
and the University Hospital. 

1. Bass, C. C.: Prevalence of Malaria and Its Control by Treating Carriers, 
South. M. J. 12:190 (April) 1919. Craig, C. F.: The Malarial Fevers, Hemo- 
globinuric Fever and the Blood Protozoa of Man, New York, William Wood & 
Company, 1909. Deaderick, W. H.: A Practical Study of Malaria, Philadelphia, 
W. B. Saunders Company, 1909. 
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community during the past five years have occurred in white persons, 
although the population is made up of almost equal numbers of members 
of the two races. Further evidence of greater resistance on the part 
of the Negroes was observed in patients with cerebrospinal syphilis 
treated with tertian malaria: Only 30 per cent of the Negro, as com- 
pared with 90 per cent of the white, patients were infected by the first 
therapeutic inoculation. 

The seasonal incidence of cases of tertian and estivo-autumnal 
malaria was characteristic, as depicted in the chart. The curve for 
pernicious malaria attained a peak simultaneously with that for estivo- 


TABLE 1.—IJncidence and Mortality Rate According to Race and Sex in 198 Cases 
of Tertian and in 502 Cases of Estivo-Autumnal Malaria 


Number of Number of Mortality Rate, 


Race Sex Cases Deaths Percentage 
Tertian malaria wien. “Wereee ees . Male 90 0 0.00 
Female 79 1 1.26 
Total.. ‘ can veeekes 169 1 0.59 
Negro... wcascee: ee 22 0 
Female 7 0 
Total.... tin eaeaten ae 29 0 0.00 
Total.. <3 See ere 198 1 0.50 
Estivo-autumnal malaria White cowie: ee 201 20 9.95 
Female 130 14 10.85 
Total. re eee 331 34 10.27 
MN .civdccascce: ee 126 12 9.52 
Female 45 4 8.88 
Total. reTeeT eee eT ey 3 171 l¢ 9.35 
a isu tinleddcradncuskvendvadeseees 502 50 9.98 


autumnal malaria, in October. Cases occurring in the winter were 
regarded as instances of inadequately treated infections carried over 
from the preceding season. 

The mortality rates for the whole group as given in table 1 were 
largely proportional to the occurrence of pernicious malaria. Of the 
total 51 deaths, 47 resulted from a pernicious estivo-autumnal infection. 
In the other 4 fatal cases malaria perhaps acted as the exciting cause 
of death in the presence of chronic cardiovascular disease. The fatal 
case in the tertian group was that of a middle-aged woman with hyper- 
tension and albuminuria who died of renal failure. In the estivo- 
autumnal group, a man aged 55 with hypertensive vascular disease died 
of congestive cardiac failure, and 2 men aged 65 and 87, with arterio- 
sclerosis, died of uremia. 
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INCIDENCE AND CHARACTERISTICS OF PERNICIOUS MALARIA 

Pernicious manifestations occurred in 97 cases, ,or 19.32 per cent, 
of the estivo-autumnal group (table 2). Symptoms of comparable sever- 
ity froth a clinical standpoint were not observed in tertian malaria. 

Pernicious malaria generally developed as a rather sudden complica- 
tion of an inadequately treated estivo-autumnal infection with a pro- 
gressive course. Most patients with pernicious malaria had in the 
beginning ague, fever, malaise or other symptoms typical of an advanc- 
ing estivo-autumnal infection. The degree of anemia, icterus, elevation 
of temperature and splenic enlargement was, as a rule, greater in the 
cases in which pernicious malaria developed. It will be seen that such 


ae 


FEB. MAY Y|AUG, OcT. 


Chart showing the incidence by months of 198 cases of tertian, 502 cases of 
estivo-autumnal and 97 cases of pernicious malaria occurring over a period of 
fifteen years. A is the curve for tertian, B, for estivo-autumnal, C, for pernicious, 
malaria. 


cases had certain distinctive prodromes in common and, in addition, 


presented the classic features which serve to characterize the individual 


clinical types of the disease. 

Cerebral Type—Of the 97 pernicious cases, 75, or 77.3 per cent 
(14.96 per cent of the estivo-autumnal group), were of the cerebral 
type (table 2). Fifty-six, or 74.6 per cent of the cases of cerebral 
malaria occurred in males and 36, or 47 per cent, in Negroes. Moreover, 
all but 1 of the cases of pernicious malaria in Negroes were of the 
cerebral type. 
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Particular symptoms were observed in the cases of the cerebral 
type with noteworthy frequency, although the records for comatose 
patients were often incomplete. Severe persistent headache introduced 
the pernicious stage in 45 of 49 cases in which complete histories were 
available. Delirium was definitely the initial pernicious manifestation 
in 48 of the 49 cases. Nausea and vomiting occurred before or during 
the phase of delirium in 27 of 35 cases in which specific notations were 
made. Sudden convulsion was the first pernicious symptom noted in 
1 adult with chronic alcoholism and in 6 of 15 children below the age 


TaBLE 2.—Incidence of Pernicious Malaria in 502 Cases of Estivo-Autumnal 


Infection 


Percentage of Percentage of 
Number of Pernicious Estivo-Autumnal 
Clinical Type Cases Malaria Malaria 
Nenad sai dewsk uk ck cadsdeckewkivarede 75 77.3 14.94 
oT ean . 16 16.5 3.19 
pO RS eee ; : : 6 6.2 1.19 
Total..... pene Te diwaanan 97 100.0 19.32 


TaBLeE 3.—Incidence and Mortality Rate According to Race and Sex in 75 Cases of 
Pernicious Cerebral Malaria 





Number of Number of Mortality Rate, 
Race Sex Cases Deaths Percentage 

White Male.... ‘ iacdels ee PER 23 12 42.8 
PN «4 spaniwattocbncnsrawiaased 11 8 
TOGA 6%: : ineuvatces eens 39 20 

Negro RU e au ease sie tik dna cade wanes 28 14 50.0 

PI Soxietis nasacen ke 2 phe sdeetus 8 4 50.0 

| Se PEPE 36 18 50.0 

y | Serre jens Webware cette 75 : 38 50.6 


of 10 years. At the time of admission, 58 of the 75 patients were in 
a state of profound coma. The other 17 patients were disoriented and 
stuporous, but they could be aroused and then gave evidence of a mut- 
tering delirium. Dehydration was uniformly extreme, and anemia, 
occult. Plasmodia, usually in large numbers, were found in the blood. 

Recovery from the cerebral type of malaria apparently depended 
to the greatest extent on the degree and duration of the pernicious 
symptoms. The 17 patients who were semicomatose on admission all 
survived. Likewise, of 24 patients with a definite history who recovered 
from coma, none had been unconscious for longer than twenty-four 
hours. Another factor of importance in deciding the outcome of cere- 
bral malaria seemed to be the relative number of parasites present in 
the blood. Of 45 patients in whose blood less than ten parasites per 
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oil immersion field were seen, 33 recovered, while 12 patients whose 
blood showed from 20 to 75 plasmodia per field, died. 

The results of treatment of 60 of the 75 patients with cerebral 
malaria are recorded in table 4. The remaining 15 patients were mori- 
bund on admission and succumbed within ten hours without having 
received specific treatment. No instances of recovery were frankly 
spontaneous, but the possibility that some were so appeared likely from 
the circumstances in several of the cases in which treatment was given. 
Quinine di-hydrochloride in doses of 0.5 Gm. given in 200 cc. or more 
of hypertonic dextrose solution at intervals of from six to eight hours 
was apparently life-saving in 10 cases of coma. Sodium cacodylate 


TABLE 4.—Results of Therapy in 60 Cases of Pernicious Cerebral Malaria 


Number of Numberof Mortality Rate, 
Specific Therapeutic Measures Cases Deaths Percentage 


Quinine, orally, and sodium cacodylate, intravenously 28 
Quinine, orally and intramuscularly..... ; : 12 
Quinine, orally and intravenously...................00.. 10 
Sodium cacodylate, intravenously... Hiawaeiee : , g 100.0 
Atabrine, orally Pee er Pere 100.0 


Total 23 38.3 


Tasie 5.—Inctdence and Mortality Rate According to Race and Sex in 16 Cases 
of Pernicious Hemorrhagic Malaria 


Number of Number of Mortality Rate, 
Race Sex Cases Deaths Percentage 


White ae rere ] f 41.6 
Female.. ene bids ee 3 33.3 


Negro Male.. ST ee Pree ne 0.0 


ME eca cle cokes e 37.5 


proved ineffectual when given alone or with quinine by way of the 
stomach. Under treatment with atabrine, a delirious patient became 
comatose and died within thirty-six hours. 

Hemorrhagic Type (Blackwater Fever).—Sixteen, or 3.19 per cent, 
of the cases in the estivo-autumnal group were of the pernicious hemor- 
hagic type (table 2). A single instance of blackwater fever was observed 
in a Negro (table 5). Hemoglobinuria was marked in 15 and moderate 
in 1 of the cases. All the patients with hemorrhagic malaria gave 
negative reactions to the Wassermann test. 

Intractible headache, nausea and vomiting were prodromal features 
in each case of hemorrhagic malaria. Severe chills definitely preceded 
or attended the onset of urinary discoloration in 11 cases. Darkness 
of the urine had been noted for less than forty-eight hours before 
admission by 14 of the 16 patients in whom it occurred. There was 
a history of repeated malarial infection in 12 and of previous blackwater 
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fever in 5 of the cases. Fourteen patients had taken quinine, or pro- 
prietary nostrums containing quinine, shortly before the onset of the 
hemoglobinuria. At the time of admission the patients were lethargic 
and prostrate. Delirium was present or developed later in 12 instances, 
and coma ensued in 4 of the 6 fatal cases. Anemia and icterus were 
decidedly more pronounced than in other types of pernicious malaria. 
Parasites were found in the peripheral blood in only 3 cases in which 
the patient had blackwater fever. 

The results of therapy in 14 of the hemorrhagic cases are shown in 
table 6. Two moribund patients with blackwater fever who lived less 
than six hours after admission received no treatment other than sup- 
portive measures. Active hydration and purgation were employed in 


TABLE 6.—Results of Therapy in 14 Cases of Pernicious Hemorrhagic Malaria 


Number of Number of Mortality Rate, 
Measures of Therapy Cases Deaths Percentage 


Sodium cacodylate, intravenously, and blood trans- 

fusion peas Gtaver 2 
Sodium cacodylate, intravenously only.......... ; 2 100.0 
Quinine, intramuscularly, and blood transfusion. 0.0 
Quinine, intravenously, and blood transfusion.. 2 ( 


28.5 


TasLe 7.—Incidence and Mortality Rate According to Sex in 6 Cases of Pernicious 
Algid Malaria 


Number of Number of Mortality Rate, 
Race Sex Cases Deaths Percentage 


White eer ‘ 3 1 
Female 3 1 


6 2 


all cases. Since 1920, transfusions of from 200 to 500 cc. of blood 
given once or twice daily have been used to combat hemolysis in 12 cases. 
In 10 patients the hemoglobinuria abated within ninety-six hours after 
the first transfusion, while in the other 2 coma developed and death 
supervened on the second day. Quinine was given after blood transfu- 
sions were begun in 5 cases, all of which terminated in recovery. Quinine 
administered intravenously with large amounts of dextrose solution 
produced no definite increase of hemoglobinuria in 2 patients who sur- 
vived. The 2 patients treated only with sodium cacodylate died within 
thirty-six hours. 

Algid Type.—Only 6 of the cases of estivo-autumnal malaria were 
of the pernicious algid type. Marked but less severe abdominal symp- 
toms were present in 3 of the patients with cerebral and in 2 of those 
with the hemorrhagic type of pernicious malaria. Algid malaria occurred 
only in white patients (table 7). 
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Severe headache, vomiting and abdominal pain were followed by 
collapse in each case of the algid type. At the time of admission, the 
patients with algid malaria showed prostration, profuse sweating, chilli- 
ness of the extremities and spasticity of the abdominal wall. Reduction 
of the systolic blood pressure was constant, and 5 patients had subnormal 
temperature. Dehydration was pronounced, and anemia was masked. 
Relatively large numbers of plasmodia were found in the blood. Coma 
led to death in the 2 fatal cases. 

In the treatment of algid malaria, stimulants and active hydration 
were used as a routine. Quinine given intravenously in dextrose solu- 
tion was the therapeutic measure of choice. 


SUMMARY 

Of 700 proved cases of severe malaria observed during a period of 
fifteen years, 198 were of the tertian and 502 of the estivo-autumnal 
variety. More than 70 per cent of the patients were white, although 
local census reports during the period showed nearly equal numbers of 
white and Negro residents. The mortality rate was 0.50 per cent for 
the tertian and 9.98 per cent for the estivo-autumnal type of malaria. 
Malaria was fatal primarily when it was complicated by pernicious 
symptoms or in the presence of advanced cardiovascular changes. 

Pernicious malaria developed in 97, or 19.34 per cent, of the cases 
in the estivo-autumnal group, as a result of neglected or insufficient 
treatment. Of the pernicious cases, 74.2 per cent were in males, and 
61.9 per cent in white patients. Malaria with pernicious symptoms was 
most frequent at the height of the season in which estivo-autumnal 
malaria prevails, namely, in October. Pernicious malaria was fatal in 
48.4 per cent of the cases and caused 92.1 per cent of the deaths in the 
whole group. 

Cerebral manifestations predominated in 75, or 77.3 per cent, of the 
cases of pernicious malaria (14.96 per cent of the estivo-autumnal 
group). All but 1 of the cases of pernicious malaria occurring in 
Negroes were of the cerebral type. Furthermore, 21 per cent of the 
Negro, as compared with 11.4 per cent of the white, patients with estivo- 
autumnal infection presented pernicious cerebral symptoms. Pernicious 
cerebral malaria appeared to be the usual climax of overwhelming estivo- 
autumnal infection, particularly in Negro patients. Coma was also 
present in 4 patients with the hemorrhagic, and in 2 with the algid, type 
of malaria, but proof that cerebral capillary embolism was present in 
these cases is lacking. In the cerebral type, unconsciousness was ushered 
in by severe headache and delirium; these symptoms were often accom- 


panied by vomiting in adults and by convulsions in children. Plasmodia 
were found in the blood in numbers relatively proportional to the gravity 
of the cerebral symptoms. Cerebral malaria resulted in death in 50.6 
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per cent of the cases and was responsible for 74.5 per cent of the deaths 
in the whole group. The majority of the patients who survived had 
been in coma for less than twenty-four hours. In the treatment of 
cerebral malaria, quinine injected intravenously with hypertonic dextrose 
solution proved to be the most effective measure employed. 

Pernicious hemoglobinuria occurred in 16 cases, or 3.19 per cent, 
of the estivo-autumnal group, only 1 of the patients being a Negro. 
There had been repeated malarial infection in 12 and attacks of black- 
water fever in 5 of the cases. Anemia and icterus were more marked 
in the hemorrhagic than in the other types of pernicious malaria. In 
3 cases of hemorrhagic malaria the peripheral blood showed small num- 
bers of plasmodia. The mortality rate from hemorrhagic malaria was 
37.5 per cent. On the theory that the blood of patients with blackwater 
fever contains an autohemolysin which may be diluted or rendered 
ineffective by increasing the total volume of erythrocytes, blood trans- 
fusions were employed in the treatment of 12 patients, 10 of whom 
survived. Although 14 patients with hemorrhagic malaria had taken 
medicaments containing quinine just before the onset of the disease, 
no increase of hemoglobinuria was noted in 5 of those who received 
transfusions and who were subsequently treated with quinine. 

Pernicious malaria of the algid type was unusual in the whole group 
and was not observed in Negro patients. In 6 cases of the algid type 
the outstanding features were abdominal pain, vomiting followed by 
collapse and the presence of large numbers of parasites in the blood. 
The 2 patients with algid malaria who became comatose succumbed. 
\dministration of stimulants, restoration of the fluid balance in the 


body and intravenous injection of quinine appeared to be the most 


effective therapeutic measures in pernicious cases of the algid type. 





PERSISTENT ABNORMALITIES (WASSERMANN- 
FASTNESS) OF THE SPINAL FLUID IN 
TREATED NEUROSYPHILIS 


THEIR PROGNOSTIC IMPORT 


MORTON J. GOODMAN, M.D.* 
AND 
JOSEPH EARLE MOORE, M.D. 
BALTIMORE 


A problem of great importance in the therapy of neurosyphilis is 
presented by the treatment of the patient who after prolonged and inten- 
sive treatment shows persistent abnormalities in the cerebrospinal fluid. 
The significance of such findings is of importance to the patient and 
to the physician. Is a persistently positive Wassermann reaction of the 
spinal fluid of innocent import as is a persistently positive Wassermann 
reaction of the blood in well treated patients with latent syphilis, or 
does such Wassermann-fastness of the spinal fluid indicate that the 
patient is in grave danger of progression or relapse and that he must 
be treated for years or for a lifetime? 

It is necessary to point out, of course, that in the spinal fluid, as 
in the blood, persistent serologic abnormalities, especially a persistently 
positive Wassermann reaction, may be in large part an expression of 
the sensitivity of the serologic tests employed. This fact has been 
repeatedly emphasized in the clinic at Johns Hopkins Hospital, where 
a sensitive Wassermann antigen with icebox incubation is employed 
for blood and spinal fluid alike. We have records of many patients 
for whom the Wassermann reaction of the spinal fluid was reversed 
to negative by a less delicate technic carried out in our own or in another 
laboratory but was found to be strongly and persistently positive when 
the sensitivity of the test was increased. 

It seemed to us that the significance of Wassermann-fastness of the 
spinal fluid could be determined only by the clinical approach that one 
of us (J. E. M.) made to the problem of Wassermann fastness of the 
blood,? namely: Is the probability of clinical progression or relapse 


* Eli Lilly Research Fellow in Medicine. 

From the Syphilis Division of the Medical Clinic, the Johns Hopkins Uni- 
versity and Hospital. 

1. Moore, J. E.: Wassermann Fast Patients, in Blumer, George: The 
Practitioner’s Library of Medicine and Surgery, New York, D. Appleton-Century 
Company, Inc., 1934, vol. 13, chap. 18. 





GOODMAN-MOORE—SPINAL FLUID IN NEUROSYPHILIS 827 


greater in a series of Wassermann-fast patients followed over a long 


period of time than in an equal series of patients with clinically similar 


manifestations in whom reversal of the reaction has been secured by 
treatment ? 

A preliminary study of this question has already been attempted 
in a study of 46 well treated neurosyphilitic patients with a persistently 
positive reaction of the spinal fluid.* Of these, 35 (76 per cent) were 
free from relapse or progression of syphilis of the nervous system 
at intervals ranging from two to twenty years after the cessation of 
treatment. From this small series it was concluded : 


with various forms of central nervous system syphilis persistently positive 
spinal fluid abnormalities do not indicate the certainty of subsequent progression 
or relapse, provided the patient has been subjected to intensive, prolonged and 
continuous treatment for a minimum period of from two to three years, provided 
this treatment has brought about symptomatic improvement, and especially provided 
malaria has been included in the treatment plan. 


It was appreciated that the group of patients studied was relatively 
small. In this present study we have reviewed the cases of a larger 
series of patients with a persistently positive reaction of the spinal fluid * 
and have compared the clinical outcome in these patients with that in 
a parallel group of patients for whom the reaction of the spinal fluid had 
been “reversed” to normal by treatment. 

Two hundred and twelve patients were selected from those seen at 
the division for syphilitic patients of the medical clinic of the Johns 
Hopkins Hospital and from patients observed in private practice. 
Patients were included only (1) if they had received prolonged treat- 
ment, resulting in marked improvement or complete relief from symp- 
toms and (2) if after the conclusion of treatment the course of the 
disease had been ascertained by repeated neurologic and serologic exam- 
inations for at least two years. 

Of the 212 patients qualified for study in this fashion, 95 showed 
a persistently positive Wassermann reaction of the spinal fluid; for 117 
the reaction of the fluid was reversed by treatment. 


2. Moore, J. E.: The Modern Treatment of Syphilis, Springfield, I11., Charles 
C. Thomas, Publisher, 1933, p. 412. 

3. We have thought it wise, for the purpose of this study, to limit the terms 
“persistently abnormal spinal fluid” and “fluid giving a persistently positive reac- 
tion” to fluids which gave a positive Wassermann reaction with some amount of 
fluid in spite of treatment. Thus, a patient for whom the Wassermann reaction of 
the spinal fluid was positive at the start of treatment with 0.05 cc. and at the end 
of treatment only with 1 cc. is classified as Wassermann-fast, even though marked 
improvement has occurred. With the small amount of material available we have 
been unable to study the influence on the clinical outcome of such factors as per- 
sistent slight pleocytosis, excess of protein or changes in the colloidal gold curve. 
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The incidence of clinical progression in the patients with a pe: 
sistently positive Wassermann reaction of the spinal fluid and in thos: 
in whom the reaction was reversed by treatment is shown comparativel\ 
in table 1. By the term clinical progression or relapse we refer her: 
only to advance of the disease of the central nervous system. Some 
patients suffered from associated cardiovascular or visceral syphilis, and 
in several instances such lesions led to death. Two instances of cerebral 
vascular accidents included in this study are recorded as evidence o! 
progressive neurosyphilis, though the cause of the lesion may well hav. 
been hypertension. Of the 95 patients who showed a persistently posi 


TABLE 1.—Relationship of Clinical Progression of Neurosyphilis to Effect of 
Treatment on Spinal Fluid in 212 Cases 


Period of Observation 
Patients After Treatment 
A = 


5 ahaa Tt aan mace _ ~ 
Cerebrospinal Fluid Result of Total Per 2-5 6-10 11-15 lf 
Outcome Treatment Number Cent Years Years Years Years 


Persistently positive reac- Clinical progression 21 22. 7 4 
tion (95 patients) No progression 74 77.$ § 30 


DY 


Reversal of reaction after Clinical progression 8 3.8 3 
treatment (117 patients) No progression 109 93.2 7 41 


TABLE 2.—Relationship of Amount of Treatment to Clinical Progression in 
Wassermann-Fast Patients and Patients with Reversed Reactions 


Clinical Progression 
a - 
Duration of Number of Number of 
Cerebrospinal Fluid Treatment Patients Patients Per Cent 


41.9 


Persistently positive reac- 6 mos. to 2 yrs. 31 1 
12.5 


tion (95 patients) Over 2 yrs. 64 


4.8 


3 
8 

Reversal of reaction after 6 mos. to 2 yrs. 34 4 11.7 
4 


treatment (117 patients) Over 2 yrs. 83 


tive Wassermann reaction of the spinal fluid after treatment, 21 (22.1 
per cent) showed some evidence of clinical progression after the cessa- 
tion of treatment. Of the 117 in whom the Wassermann reaction of 
the spinal fluid was reversed to negative only 8 (6.8 per cent) subse- 
quently showed evidence of clinical advance of neurosyphilis. — 

In table 2 the patients are further classified according to the total 
amount of treatment which they received. In the group who received 
treatment for two years or more, the incidence of relapse or progres- 
sion was 12.5 per cent in the Wassermann-fast patients, but only 4.8 
per cent in the patients who showed reversal of the reaction of the 
spinal fluid. In the group who received treatment for from six months 
to two years relapse occurred in 41.9 per cent of the Wassermann-fast 
patients and in only 11.7 per cent of the patients with reversal of the 
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reaction of the spinal fluid. In both groups the incidence of progression 
was considerably lower than we anticipated. These data are subject 
to further modification on the ground that the patients have been fol- 
lowed for an average period of only five and a half years from the 
time of cessation of treatment. It is probable that as the period of 
observation is prolonged the incidence of relapse will increase, though 
in the majority of instances of progression so far observed renewed 
activity of the neurologic lesion has occurred within five years after 
the cessation of treatment. 

In table 3, the patients are grouped according to the type of neuro- 
syphilis, and the appearance of clinical progression or relapse is 
contrasted in patients with parenchymatous and in those with nonparen- 
chymatous forms of the disease. It is not surprising that the majority 


TABLE 3.—Relationship of Clinical Progress to Type of Neurosyphilis 


Persistently Positive Reaction of Reversal of Reaction of 
Cerebrospinal Fluid Cerebrospinal Fluid 

——— - —— A YO _— - - > 

Average Average 
Period of Period of 

Total Number Obser- Total Number Obser- 

Number Showing vation Number Showing vation 

Type of of Clinical Percent- After of Clinical Percent- After 
Neurosyphilis Patients Progress age Treatment Patients Progress age Treatment 


Dementia paralytica 

and tabes (paren- 

chymatous neuro- 

CIGD cvcvccccvce 42 33.¢ 5.3 yrs. 31 i 3 6.2 yrs. 
Meningovascular, 

vascular, meningeal 

and asymptomatic 

(nonparenchyma- 

tous neurosyphilis) 53 3.2 6.0 yrs. 


of instances of clinical progression occurred in patients with tabes and 
dementia paralytica. Though this group comprised only 34 per cent 
of the patients, it presented 69.2 per cent of those in whom relapse 
occurred. In the group with the parenchymatous form of the disease 
progression occurred in 33.3 per cent of the Wassermann-fast patients 
and in only 19.3 per cent of those in whom the reaction of the spinal 
fluid became negative. In the group with meningovascular, vascular, 
meningeal or asymptomatic (presumably “nonparenchymatous”) neuro- 
syphilis relapse was six times as common in the Wassermann-fast 
patients as in those for whom the reaction of the spinal fluid became 
negative. The total incidence of progression in this group is surpris- 
ingly low: Such clinical relapse occurred in only 1 of 7 Wassermann- 
fast patients and in only 1 of 43 patients in whom a reversal of the 
reaction occurred. 

The type of clinical progress in the various types of neurosyphilis 
is illustrated in table 4. It will be noted that 5 of 9 relapses occurring 
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in the patients with nonparenchymatous neurosyphilis took the form of 
dementia paralytica. Of the 10 patients with dementia paralytica who 
subsequently had a relapse, 6 showed progressive mental deterioration. 
The cases of 2 of the patients with tabes who had a relapse illustrated 
the curious phenomenon which we have observed a number of times: 
the development of Charcot joints in the face of complete reversal 
of the reaction of the spinal fluid. It is noteworthy that not one of the 
patients with dementia paralytica in whom reversal of the reaction 


TasLe 4.—Nature of Relapse or Progression in 212 Patients with Neurosyphilis * 


Reversal of Reaction of 
Cerebrospinal Fluid 
—— — 


Persistently Positive Reaction of 
Cerebrospinal Fluid 
——— 
No. of 
Patients 
with 
Relapses 


No. of 
Patients 
with 
Relapses 


—<<~, 


Type of 
Relapse or 
Progression 


Type of 
Relapse or 
Progression 


No. of 


Type of No. of 
Patients 


Neurosyphilis Patients 


6 (1) relapse or progres- 11 0 
sion of dementia (6) 
paralytica 

1 cerebral hemorrhage 
(? syphilitic) 

1 formication of the face 

1 hemiplegia 

1 optic atrophy 


Dementia 26 10 
paralytica 14) (1) 


Tabes 


1 locomotor ataxia worse 
1 general progression 
1 gastric crises worse 
1 vesical symptoms worse 


1 bilateral 
Charcot hip 

1 ataxia worse 

1 Charcot knee 


2 (1) increased 
lightning 
pains 

1 Charcot joint 
worse 


1 Parkinson 
syndrome 
(? syphilitic) 


1 involvement of eighth 
nerve 
1 dementia paralytica 


Diffuse men- 28 
ingovascular (4) 


Meningeal 9 2 dementia paralytica 1 optie atrophy 
2 dementia paralytica 
1 hemiplegia (? syphilitic) 


Asymptomatic 16 
(2) 
95 2 7 8 


* The figures in parentheses indicate the number of patients who received fever therapy. 


occurred had a relapse in an average period of five and one-tenth years 
following treatment. 

Of the 212 patients in this series, 31 received fever therapy (malaria, 
29; typhoid vaccine, 1; rat-bite fever, 1) at one time or another in the 
course of treatment. Of the 22 of these patients who had tabes or 
dementia paralytica, progression occurred in only 2. Of the 9 patients 
with nonparenchymatous neurosyphilis who received fever therapy, pro- 
gression occurred in none. 

Table 5 is analogous to table 3, except that in it the data on the 
patients who received fever therapy have been omitted. Table 5 records 
the incidence of clinical relapse in patients treated for more than six 
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months with chemotherapy alone (85 per cent received treatment for 
more than one year; 65 per cent, for more than two years). In this 
table is illustrated a striking association between the clinical outcome 
and the effect of treatment on the spinal fluid. Fifty per cent of the 
patients with tabes and dementia paralytica who showed a persistently 
positive reaction of the spinal fluid and only 20 per cent of those in 
the group in which the reaction of the spinal fluid became negative 
had a relapse. In the group with nonparenchymatous forms, 17 per 


TABLE 5.—Incidence of Relapse in Patients for Whom Chemotherapy Alone 


Was Used 


Persistently Positive Reaction of Reversal of Reaction of 
Cerebrospinal Fluid 
a . A —~ = 
No. of No. of 
Patients Percentage Patients Percentage 
No. of with of No. of with of 
Patients Relapses Relapses Patients Relapses Relapses 


Cerebrospinal Fluid 
A 


Dementia paralytica, tabes 26 13 50.0 95 F 20.0 


Vascular, meningovascular, 
asymptomatic........ 


Total. 


TABLE 6.—Incidence of Relapse in Patients Receiving Chemotherapy for Two 
Years or More and No Fever 
Persistently Positive Reaction of Reversal of Reaction of 


Cerebrospinal Fluid Cerebrospinal Fluid 


- A — aw -_ 


No. of No. of 

Patients Percentage Patients Percentage 
No. of with of No. of with of 
Patients Relapses Relapses Patients Relapses Relapses 


Dementia paralytica, tabes 13 3 23. 17 4 23.5 
(all tabetic) 


Vascular, meningovascular, 
asymptomatic. 


Total. 


cent of the Wassermann-fast patients and only 2 per cent of those with 
a reversed reaction had a relapse. If we further limit the patients to 
those treated only with chemotherapy for a period of two years or more, 
we find that 14.6 per cent of the Wassermann-fast patients showed pro- 
gression as compared with 5.9 per cent of those for whom the reaction 
was reversed to negative by treatment. 


COMMENT 


It appears from the data presented here that in neurosyphilis there 
is a definite relationship between the response of the reaction of the 
cerebrospinal fluid to treatment and the probability of subsequent clin- 
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ical progression or relapse. Among the 181 patients treated only with 
chemotherapy, relapse occurred four times as often in patients who 
had persistently positive reactions of the spinal fluid as in those whose 
reactions were reversed to negative by treatment. The relatively benign 
character of the nonparenchymatous types of neurosyphilis is empha- 
sized throughout this study. In the cases in which the condition was 
classified as meningeal, meningovascular, vascular or asymptomatic 
neurosyphilis, clinical progression occurred in only 10.7 per cent of 
the Wassermann-fast patients and in none of 50 patients for whom 
the reaction of the fluid was reversed to negative. In only 2 (6.4 per 
cent) of the 31 patients who received fever therapy in the course of 
their treatment did the condition progress in an average period of five 
and one-half years after the cessation of treatment; in both of these 
instances the reaction of the spinal fluid was persistently positive. 

The relationship of the amount of treatment to the incidence of 
clinical relapse is apparent from this study. Subsequent progression 
occurred from two to three times more commonly in patients who 
received treatment for from one-half to two years than in those who 
received treatment for two years or more. 

Reversal of the reaction of the spinal fluid by treatment seems to 
carry different omens, depending on the clinical type of neurosyphilis. 
In tabes, for instance, a return of the spinal fluid to normal following 
treatment indicates nothing prognostically, because relapse is just as 
likely to occur as if the reaction of the fluid remained positive. In 
dementia paralytica, however, a reversal of the reaction was associated 
with no instances of clinical progression. Likewise, in vascular, menin- 
govascular, meningeal or asymptomatic neurosyphilis, a reversal of the 
reaction was an exceedingly favorable sign. 

However, although the persistently positive reaction of the spinal 
fluid in neurosyphilis is definitely of graver prognostic import than the 
persistently positive Wassermann reaction of the blood in such condi- 
tions as latent, benign late, and late congenital syphilis, it does not signify 
the inevitability of subsequent progression or of relapse, and like Was- 
sermann-fastness of the blood it cannot be used as a guide to the 
optimum duration of treatment. Considering neurosyphilitic patients 
as a group, without differentiation according to the clinical type of 
the disease presented, it appears that when treatment is continued for 


a minimum period of two years, and especially if at some time malaria 
is included in the treatment, subsequent progression within a five year 
period of observation occurs in only 1 patient of every 8 (12.5 per 
cent), even though a positive reaction of the spinal fluid persists. Such 
well treated patients may therefore be given encouraging reassurance 
as to the probability of continued good health. 
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As for the optimum duration of treatment for patients with neuro- 
syphilis, no hard and fast rules can be laid down. In general, it may 
be stated that the duration of treatment should depend more on clinical 
improvement and lack of progression than on reversal of the serologic 
reaction and that for no type of neurosyphilis should the total duration 
of treatment be less than two years of continuous treatment or its 
equivalent. In the case of patients for whom the reaction of the spinal 
fluid remains persistently positive after this amount of chemotherapy 
every effort should be made to utilize the beneficial prophylactic effect 
of fever therapy (malaria) before treatment is finally discontinued. 


SUMMARY 

We present a study of the incidence of clinical progression or relapse 
after prolonged treatment in 212 patients with neurosyphilis. 

A comparison is made between two groups: 95 patients for whom the 
reaction of the spinal fluid which remained persistently positive and 
117 for whom the positive reaction was reversed by treatment. 

Considering the groups as a whole, clinical progression occurred in 
22 per cent of the Wassermann-fast patients and in only 7 per cent of 
those with reversed reactions. 

Limiting the study to patients treated for two or more years, sub- 
sequent progression occurred in 12.5 per cent of the Wassermann-fast 
group and in 4.8 per cent of the group with reversed reactions. 

Progression or relapse is more common in patients with parenchyma- 
tous neurosyphilis (tabes and dementia paralytica) than in those with 
nonparenchymatous types of neuraxis involvement. 

Even in a patient with apparently nonparenchymatous neurosyphilis, 


the subsequent relapse, if one occurs, is likely to be dementia paralytica 
in type. 
Of 31 patients in this series treated at some time with induced 


fever therapy (chiefly malaria), subsequent progression or relapse 
occurred in only 2. 

While there is a more definite relationship between the clinical out- 
come and the reaction of the spinal fluid in neurosyphilis than between 
the reversal or the fastness of the Wassermann reaction of the blood in 
various forms of late syphilis not involving the nervous system, a per- 
sistently positive reaction of the spinal fluid does not indicate the inev- 
itability of subsequent progression or of relapse; nor can the rate or 
completeness of reversal of the reaction be used as the sole guide to the 
optimum duration of treatment in cases of neurosyphilis. 





FAT ABSORPTION 


ITS VALUE AS AN INDEX OF FUNCTION OF THE LIVER 


MAURICE SULLIVAN, M.D. 
AND 
JOHN A. B. FERSHTAND, M.D. 


NEW ORLEANS 


Using the Ruckert volumetric lipokrit method,' we have determined 
the total serum lipoids of a group of normal young men, a group of 
diabetic patients, and a group of patients with disease of the liver, first 
in the fasting state and then three, six and nine hours after a fat meal. 
This was done to determine whether or not we could obtain curves 
showing fat absorption which would be typical for each group and 
sufficiently characteristic in the cases of the normal subjects and patients 
with disease of the liver to aid in the appraisal of the function of the 
liver. 

NORMAL ABSORPTION VALUES 


The group of normal young men was comprised of forty-three 
medical students, ranging in age from 21 to 29, with an average age 


of 24.1. After a fast of fifteen hours, blood was taken by venipuncture. 
Immediately afterward, each student drank 100 Gm. (120 cc.) of cotton- 
seed oil, which was from 1 to 1.8 Gm. of fat per kilogram of body 
weight. Three, six and nine hours later samples of blood were obtained 
by venipuncture and the values of the total serum lipoid were deter- 
mined. No attempt was made to calculate the relative amounts of 
neutral fat and cholesterol and of phosphatide making up the total. The 
final step of converting the fatty acid fraction to phosphatide was 
omitted, and the total lipoids were expressed in cc. per hundred cubic 
centimeters. The total amounts of carbohydrate, protein and fat con- 
sumed during the twenty-four hours preceding the test were calculated. 
The amount of food that each student ate on this day represented as 
nearly as possible his average daily consumption. , 

The results of the determinations of the total serum lipoid, the aver- 
age daily diets and the body weights are recorded in table 1. After 
fasting the average value for the forty-three men was 0.576 cc. per 


Aided by a grant from the Harry Dennery Research Fund. 

From the Department of Medicine, School of Medicine, Tulane University of 
Louisiana, and the Touro Infirmary. 

1. Riickert, W.: Eine einfache volumetrische Mikrobestimmung des Blutfettes 
(Lipokritverfahren), Klin. Wchnschr. 10:1853 (Oct. 3) 1931. 
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hundred cubic centimeters. The only other published figures of serum 
lipoids of normal men determined by this method are those of Collins. 
However, his data should not be compared strictly with ours. His sam- 
ples of blood were taken at 11 a. m. after a fast of only three hours. The 
amount of food eaten at each breakfast was not known and it is quite 
likely that the fat contents varied considerably. On the other hand, all 
of our subjects had fasted for from fifteen to sixteen hours, and there 
was no question of the influence of absorption. Collins’ figures, how- 
ever, are remarkably similar to ours. His average value for thirty-eight 
normal men was 0.566 cc. per hundred cubic centimeters. Boyd,* using 
a micro-oxidative method, determined the total serum fats of eight 
normal, nonpregnant, nonmenstruating young women in the fasting state. 
The mean value that she obtained was 589 mg. per hundred cubic centi- 
meters. Our data show (table 1) that the effect of body weight apparently 
has no relation to the total serum lipoids in the fasting state, nor do high, 
moderate or low fat diets seem to influence the level of serum fats. 
Among these determinations on normal subjects in the fasting state 
there was only one (case 21) in which the value appeared to be 
abnormally high: 0.96 cc. per hundred cubic centimeters. This deter- 
mination was repeated several days later and the result was the same. 
The subject was an obese young Jew in whose family there were 
many cases of diabetes and much obesity. After a fast his blood sugar 


level, although normal, was in the upper limit of normal: 0.12 Gm. per 
hundred cubic centimeters. He could, therefore, be classified as a poten- 
tial diabetic or prediabetic patient. Collins * determined the total serum 
lipoids of 103 diabetic patients. The average mean serum fat he found 
to be 0.818 cc. per hundred cubic centimeters. He concluded that “a 
serum fat concentration exceeding 0.82 cc. per cent may be considered 
as strong evidence that the case is one of diabetes.” 


There are no data concerning alimentary lipemia and blood fat 
values following the ingestion of fat which are properly comparable to 
these data. Numerous studies * have been made in the attempt to eluci- 


2. Collins, D. H.: Diabetic Lipaemia; The Role of the Fats in Diabetes 
Mellitus, with a Description of the Haemolipokrit Method for the Estimation of 
Fat in the Blood-Serum, Quart. J. Med. 2:267 (April) 1933. 

3. Boyd, E. M.: A Differential Lipid Analysis of Blood Plasma in Normal 
Young Women by Micro-Oxidative Methods, J. Biol. Chem. 101:323 (June) 1933. 

4. (a) Burger, M., and Habs, H.: Ueber St6rungen der Cholesterin- und 
Fettresorption bei Lebercirrhose, Klin. Wchnschr. 6:2125 (Nov. 5) 1927. (b) Man, 
FE. B., and Gildea, E. F.: The Effect of the Ingestion of a Large Amount of Fat 
and of a Balanced Meal on the Blood Lipids of Normal Man, J. Biol. Chem. 99:61 
(Dec.) 1932. (c) Bang, I.: Ueber Lipamie, Biochem. Ztschr. 91:104, 1918. (d) 
Cowie, D. M., and Hoag, L. A.: Studies in Blood Fat, J. A. M. A. 77:1493 (Nov. 
5) 1921. (e) Hiller, A.; Linder, G. C.; Lundsgaard, C., and Van Slyke, D. D.: 
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date the question of fat absorption and to determine whether there is 
a fat absorption curve which conforms to a uniform pattern, but there 
has been much disagreement in the results of these investigations and 
concerning the question of the utilization of fat in general. This is due 
in part to the complexity of the subject and in part to the fact that 
various methods for determining lipoid values, some of which have 
been adversely criticized, have been employed and in many instances 
different fractions instead of total lipoids have been studied. Determi- 
nations were made in some studies on whole blood and in others on 
plasma, and the fat meal has not been the same in all of the investi- 
gations. The uniformity of our curves is striking for they correspond 
to a definite pattern. The average rise at three hours was + 30 per 
cent and at six hours, -++ 65 per cent. In nine hours the level had fallen 
practically to the level for the fasting state: +5 per cent. Thus a 
typical curve could be plotted showing that the height of absorption 


TaBL_E 2.—Total Blood Serum Lipoids in Ten Diabetic Patients Before and After 
the Ingestion of One Hundred Grams of Cottonseed Oil 


Case Fasting 


0.68 
0.32 
0.60 
0.70 
0.84 
0.84 
0.60 
0.80 
0.66 


After 3 Hours 
0.800 (+17.9%) 
0.560 (+75%) 
0.800 (+33.39 
0.900 (+5 

0.104 (+2 

0.860 (+ 2.3%) 
0.680 (+13.3%) 
0.100 (+25%) 
0.880 (+33.3%) 


After 6 Hours 
0.132 (+94.1%) 
0.720 (+ 156.2%) 
0.104 (+-73.37%) 
0.104 (+48.5%) 
0.104 (+23.8%) 
0.920 (+9.5%) 

0.760 (+ 26.6%) 
0.128 (+60%) 

0.960 (+ 45.4%) 


After 9 Hours 


0.980 (+ 44.2%) 
0.640 (+ 100%) 
0.920 (+53.3° 

1.4 


0.920 (+31.49 
0.110 (+30.97 
0.800 (—4.7%) 
0.720 (+20%) 
0.132 (+65%) 
0.960 (+45.4%) 


c 
>) 
co) 


0.44 0.680 (+54.5%) 0.960 (+118.1%) 0.600 (+36.3%) 


most likely was reached somewhere between the third and the sixth 
postprandial hour and that between the sixth and the ninth postprandial 
hour, probably about the seventh, absorption had ceased. 


ABSORPTION CURVES IN DIABETES 
In table 2 are recorded the absorption curves of ten clinically well 
stabilized diabetic patients These curves differed from those of normal 
subjects in a manner that might have been expected. The average rise 
at the third and sixth postprandial hours was + 27.2 per cent and + 60 
per cent, practically the same as that of normal persons, but at the ninth 
postprandial hour the lipoid level was still elevated: + 42.1 per cent. 


Fat Metabolism in Nephritis, J. Exper. Med. 39:931 (June) 1924. (f) McClure, 
C. W., and Huntsinger, M. E.: Studies in Fat Metabolism; Influence on Blood 
Lipids of Single Foodstuffs, J. Biol. Chem. 76:1 (Jan.) 1928. (g) Page, I. H.; 
Pasternack, L., and Burt, M. L.: Ueber den Transport von Fetten und Lipoiden 
durch Blut nach Oeleingabe, Biochem. Ztschr. 223:445, 1930. (h) Wechsler, 
H. F.; Variations in Total Blood Lipid in Alimentary Lipemia, Arch. Int. Med. 
50:37 (July) 1932. 
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Although the question of the utilization of fat has never- been satis- 
factorily elucidated, there is considerable evidence that such utilization 
requires a normally functioning liver.° Therefore, patients with evi- 
dence of disease of the liver should show a diminished and delayed 
ability to absorb fats. It is obvious, of course, that there must be 
numerous other factors which would contribute to a delayed rate of 
absorption, such as disease of the lining of the gastro-intestinal tract, 
increased mobility of the tract, absence of enzymes, interference with the 
production of bile and surgical excision of parts of the gastro-intestinal 
tract. Any of these conditions may be present in persons with disease 
of the liver. Frequently, gastritis complicates and, indeed, is even 
considered a part of cirrhosis of the liver. Thus, although delayed 
absorption of ingested fat will occur when there is diminished function 
of the liver, the other conditions mentioned will probably result in the 
same type of curve. Because of this the test is more useful for its 
negative value. When a normal type of absorption curve is obtained it 
seems reasonable to conclude that there is no extensive damage of the 
liver. 

ABSORPTION CURVES IN DISEASE OF THE LIVER 

In table 3 are shown the absorption curves of ten patients with 
definite evidence of disease of the liver. These curves also conform to 
a special pattern. The average rise at the third, sixth and ninth post- 
prandial hours was + 8.9, + 16.9 and + 22.6 per cent, respectively. 
The absorption was both diminished and delayed. Except in case 7, 
in which cirrhosis was of mild degree, the level at the ninth hour was 
always the highest, which indicated that absorption was not yet com- 
plete. In cases 3 and 5 the tests were repeated after two months, and 
similar curves were obtained. A practical application of the test is 
illustrated in cases 9 and 10. Case 9 was that of a pregnant woman, 
aged 20, with congenital syphilis, who had been treated inadequately 
at 12. A course of injections of a bismuth preparation was started 
preparatory to the administration of arsphenamine. The sixth injection 
was followed by epigastric pain and jaundice which lasted for two weeks. 


5. (a) Birger and Habs.4@ (b) Leathes, J. B., and Raper, H. S.: The Fats, 
ed. 2, New York, Longmans, Green & Company, 1925. (c) London, E. S.: Ergebn. 
d. Physiol. 26:320, 1928; quoted by Bloor, W. R.: Fat Metabolism, in Luck, J. M.: 
Annual Review of Biochemistry, Stanford University, Calif., Stanford University 
Press, 1933, vol. 3, p. 185. (d) Artom, C.: Arch. d. fisiol. 32:57, 1933; quoted 
by Bloor, W. R.: Fat Metabolism, in Luck, J. M.: Annual Review of Bio- 
chemistry, Stanford University, Calif., Stanford University Press, 1933, vol. 3, 
p. 185. (e) Gardner, J. A., and Gainsborough, H.: Blood Cholesterol Studies in 
Biliary and Hepatic Disease, Quart. J. Med. 23:465 (July) 1930. (f) Epstein, 
E. Z.: Cholesterol of Blood Plasma in Hepatic and Biliary Diseases, Arch. Int. 
Med. 50:203 (Aug.) 1932. 
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The liver was found to be enlarged. The fat absorption curve was of 
the cirrhotic type and, although it was highly desirable to treat the patient 
with arsphenamine, this was withheld because of the fear of a hepatotoxic 
effect. Had we obtained a normal type of curve we should not have 
hesitated to give arsphenamine. Case 10 was that of a young man who 
had received injections of neoarsphenamine two years before during 
the early stage of syphilis. After the fourth injection arsenical derma- 
titis and hepatitis had developed. In the interim he had been given many 


TABLE 3.—Total Blood Serum Lipoids in Ten Patients with Disease of the Liver 
Before and After the Ingestion of One Hundred Grams of Cottonseed Oil 


After After After 

Case Fasting 3Hours 6Hours’ 9 Hours 

1 0.48 0.64 0.68 0.72 Patient with enlarged liver and palpable 
(+33.3%) (+416%) (+50%) spleen, high icterus index, recent jaundice 
2 0.48 48 0.56 0.56 Classic type of cirrhosis of liver 

(+16.6%) (+16.6%) 
0.64 0.64 0.68 0.72 Arteriosclerotic heart disease with enlarged 
(+6.2%) (410.9%) heart and congestive failure; liver enlarged 


0.34 0.36 0.40 0.40 At autopsy enlargement was found to be 
(+5.8%) (+11.1%) (+11.1%) due to congestion and fibrosis; the second 
curve was determined two months later and 

on the day of death 


0.80 0.84 0.92 Cirrhosis of liver and chronic gastritis 
(+5%) (+15%) 
0.68 0.72 0.72 Syphilitie cirrhosis of liver with spleno- 
(+13.38%) (+20%) (+20%) megaly; syphilitic heart disease; the second 
0.72 0.80 0.92 curve was determined two months later 


0.88 0.88 0.88 Cirrhosis of liver (alcoholic) 
(+23.5%) (423.5%) (+23.5%) 
0.72 0.80 0.72 Generalized arteriosclerosis; mild cirrhosis 
(+12.5%) (425%) (412.5% of liver 
0.52 0.60 0.66 Cirrhosis of liver 
(+8.3%) (+25%) (+37.5%) 
0.68 0.72 0.76 Pregnant young woman with congenital 
(+5.5%) (410.2%) syphilis in whom jaundice and epigastric 
pain developed during syphilitic treatment; 
liver palpable 
0.64 Young man in whom arsenical dermatitis 
(+33.3%) and hepatitis had developed two years pre- 
viously following injections of neoarsphen- 
amine during early stage of syphilis; liver 
was markedly enlarged and achylia was 
present 


injections of a bismuth preparation and a great deal of mercury. His 
liver, formerly greatly enlarged, had decreased considerably in size and 
he felt fairly well at the time of the present investigation. The typical 


cirrhotic type of fat absorption curve which was obtained in this case 
demonstrated that any resumption of the arsenicals was perhaps forever 
contraindicated. 

SUMMARY 


The average value of total serum lipoids in the fasting state, deter- 
mined by the Riickert volumetric lipokrit method, for forty-three healthy 
young men was 0.576 cc. per hundred cubic centimeters. Body weight 
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and diet apparently had no effect on the level of the total lipoids during 
fasting. The only member of this group who had what appeared to be 
an abnormally high serum lipoid value was an obese young Jew who was 
in a prediabetic state. Fat absorption curves following the ingestion of 
100 Gm. of cottonseed oil were determined for a group of normal young 
men, a group of diabetic patients and a group of patients with disease of 
the liver. For each group a typical curve conforming to a uniform pat- 
tern was plotted (chart). In the normal group the average rise at three 
hours was + 30 per cent and at six hours, + 65 per cent. In nine 
hours the lipoids had fallen practically to the level for the fasting state, 





Per cent 


70 
65 
60 
55 
50 
45 
40 
35 
30 
25 
20 
15 














Fasting 3 hours 6 hours 9 hours 





Chart showing percentage of fat absorption after the ingestion of 100 Gm. (120 
cc.) of cottonseed oil. The unbroken line is the curve for the group of normal 
young men; the dotted line, for the diabetic patients, and the dash line, for the 
patients with disease of the liver. The normal curve equals + 30 per cent at three 
hours, + 65 per cent at six hours and + 5.1 per cent at nine hours. The curve in 
diabetes equals + 27.2 per cent at three hours, + 60 per cent at six hours and 
+ 42.1 per cent at nine hours. The curve in disease of the liver equals + 8.9 per 
cent at three hours, + 16.9 per cent at six hours and + 22.6 per cent at nine hours. 


+5 per cent. The height of absorption probably occurred some time 
between the third and the sixth postprandial hour, and shortly after 
the sixth hour the absorption ceased. For the third and sixth hours 
the curves for the diabetic patients closely resembled the normal curve. 
At the third and sixth postprandial hours the percentages were + 27.2 
and + 60, respectively. At the ninth-hour, however, the level was still 
considerably elevated: + 42.1 per cent. The average curve for the 
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patients with definite evidence of disease of the liver showed a dis- 
tinctly different type of curve, which apparently denotes diminished and 
delayed absorption of ingested fat. The average rise at the third, sixth 
and ninth postprandial hours was + 8.9, + 16.9 and + 22.6 per cent, 
respectively. 


CONCLUSION 
Fat absorption curves of normal men and of patients with disease 
of the liver were sufficiently characteristic and different to be of aid in 
determining the status of the function of the liver. 





Progress in Internal Medicine 


DISEASES OF THE HEART 


A REVIEW OF CONTRIBUTIONS MADE DURING 1934 


ASHTON GRAYBIEL, M.D. 
AND 

PAUL D. WHITE, M.D. 
BOSTON 


There has not been a major contribution to the knowledge of heart 
disease during 1934. Minor advances have been made, however, and 
some recent gains consolidated. We cannot here review adequately all 
that has been done; it must suffice merely to indicate certain trends and 
to cite some of the more interesting publications. While a few of the 
reports seem more wonderful than probable, we have usually avoided 
an especially critical attitude because the newness of the work prevents 
mature conclusion. When convenient for the purpose of continuity or 
completeness, reference is made to reports published previous to 1934. 


PHYSIOLOGY AND EXPERIMENTAL PATHOLOGY AND 
PHARMACOLOGY 

Cannon * outlines the development of the knowledge concerning the 
chemical mediators of nervous impulses. It may be taken as an estab- 
lished fact that the vagus nerve exerts its inhibitive action on the 
heart by liberating a substance indistinguishable from acetylcholine and 
that the sympathetic nervous system exerts its stimulative action by 
liberating a substance called sympathin, indistinguishable from epi- 
nephrine. Many investigators have extended the knowledge in matters 
related to these fundamental concepts. 

Rosenblueth and Simeone,’ in studying the effects of the vagus and 
sympathetic nerves on the heart rate in the cat, showed that a -given 
stimulation of the decelerator nerves induces the same percental degree 
of slowing, independently of whether the accelerators are excited or not, 
and that a given stimulation of the accelerators evokes a given percental 
increase of the heart rate which is independent of decelerator excitation. 


From the Cardiac Clinic, Massachusetts General Hospital. 
1. Cannon, W. B.: The Story of the Development of Our Ideas of Chemical 
Mediation of Nerve Impulses, Am. J. M. Sc. 188:145, 1934. 


2. Rosenblueth, A., and Simeone, F. A.: The Interrelations of Vagal and 
Accelerator Effects on the Cardiac Rate, Am. J. Physiol. 110:42, 1934. 
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The effects of simultaneous excitation of the accelerator and decelerator 
nerves are the result of both influences; the two effects occur inde- 
pendently, as if each set of nerves were acting alone. The results not 
only are consistent with the theory of chemical mediation of autonomic 
nerve impulses but show that the two mediating substances act on the 
pacemaker and that the rate of production and of destruction of each 
of the substances is not modified by the presence of the other. 

Eccles and Hoff have made an important contribution to the study 
of the rhythm of the heart beat.** An attempt was made to investigate 
systematically the behavior of the pacemaker of the heart under experi- 
mental conditions designed to elucidate the nature of the physiologic 
processes underlying its rhythmic production of impulses. In the first 
part of the work the pacemaker was located as accurately as possible, 
its recovery of excitability after a normal beat was determined, and the 
effect on the recovery curve of vagal slowing and of accelerantes quick- 
ening was investigated. The second and third parts deal with the effect 
of late and early premature beats on the rhythm of the pacemaker. 

Brown and Eccles ® 
inhibition of the heart beat in cats. They concluded from their experi- 


have studied the action of controlled vagal 


ments that the right and left vagi are distributed independently to the 
pacemaker—i. e., there is no appreciable convergence of their path- 
ways in the ganglions or elsewhere—and that the acetylcholine sub- 
stance is liberated by the stimulus from a preformed store, and if a 
delay occurs it may be due to the time taken in the mobilization of 
the prefotmed acetylcholine substance. They offer the provisional 
hypothesis that the rhythmic mechanism of the pacemaker sets up a 
beat when its excitement reaches a certain threshold of intensity. 
Acetylcholine substance inhibits by acting as a quantitative antagonist 
to this excitement, the setting up of a beat being delayed until the excite- 
ment is built up to such an intensity that the inhibited excitement 
attains a threshold value. 

The more intimate details concerning the manner in which these 
chemical mediators are held and liberated are not yet known. While 
earlier workers found that heart muscle killed and extracted during 
stimulation of the vagus nerve yielded a substantially larger proportion 
of acetylcholine substance, Vartiainen,* using an improved technic, found 
no such increase. He points out that the quantity of acetylcholine sub- 


2a. Eccles, J. C., and Hoff, H. E.: Rhythm of Heart Beat: Location, Action 
Potential and Electrical Excitability of the Pacemaker, Proc. Roy. Soc. London, 
s-B 115:327, 1934. 

3. Brown, G. L., and Eccles, J. C.: The Action of a Single Vagal Volley on 
the Rhythm of the Heart Beat, J. Physiol. 82:211, 1934; Further Experiments on 
Vagal Inhibition of the Heart Beat, ibid. 82:242, 1934. 

4. Vartiainen, A.: Does Vagus Stimulation Cause an Increase in the Acetyl- 
choline Content of Heart Muscle? J. Physiol. 82:282, 1934. 
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stance which would have to be liberated to produce the physiologic effect 
would be so small in relation to the total amount obtainable by extraction 
that the available methods would not be sufficiently accurate to detect 
the change. : 

Closely related to the aforementioned studies are those concerning 
the action of sympathomimetic substances and the cholines with regard 
to cardiac irregularities. 

Meek and Seevers ® have amplified previous studies of the effects of 
ephedrine on the heart. When an appropriate dose of ephedrine is 
injected into an unanesthetized dog the first stage is a rise of blood 
pressure which leads to reflex bradycardia. During the second stage 
there is either a slow return to the normal rate or the development of 
arrhythmias. The latter are “escape” phenomena; the normal pace- 
maker is temporarily inhibited to a level below the automatic capacity 
of the lower centers and beats arise from the auriculoventricular node, 
the bundle or its branches. The third stage is characterized by a stimu- 
lating action on the automatic tissues which is enhanced by previous 
atropinization and declared by rapid ectopic rhythms. Larger doses of 
ephedrine act as depressants. A preliminary dose of sodium barbital 
will protect against the development of the arrhythmias by ephedrine. 
This protective action of barbital, the authors believe, is due to its 
depressant action on the vagus nerve and specialized conduction path- 
ways of the heart. 

Nathanson ° has utilized a unique method for the study of the action 
of drugs on the impulse-initiating property of the human heart. Study- 
ing patients in whom carotid sinus pressure produced cardiac stand- 
still, he found that epinephrine abolished the standstill by stimulating 
a new center of impulse formation in the ventricles; ephedrine acted 
similarly when given intravenously or in large doses by mouth. 

Hoff and Nahum’ have studied the action of epinephrine in the 
production of ventricular rhythms in cats. They emphasize that 
benzene and chloroform sensitize the ventricular myocardium to the 
epinephrine in the body and in this way so increase the ventricular 
rhythmicity that abnormal rhythms appear. These ventricular rhythms 
are readily abolished by acetyl-8-methylcholine chloride, administeréd in 
appropriate doses, which depresses not only the rhythmicity of the pace- 


5. Meek, W. J., and Seevers, M. H.: The Cardiac Irregularities Produced 
by Ephedrine and a Protective Action of Sodium Barbital, J. Pharmacol. & 
Exper. Therap. 51:287, 1934. 

6. Nathanson, M. H.: Further Observations on the Effect of Drugs on 
Induced Cardiac Standstill, Arch. Int. Med. 54:111 (July) 1934. 

7. Hoff, H. E., and Nahum, L. H.: The Role of Adrenaline in the Produc- 
tion of Ventricular Rhythms and Their Suppression by Acetyl-8-Methylcholine 
Chloride, J. Pharmacol. & Exper. Therap. 52:235, 1934. 
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maker and auricle where vagal endings are known to exist, but also that 
of the ventricular myocardium. 

Dikshit * has attempted to support the experiments of Brow, Long 
and Beattie regarding the central origin of cardiac premature beats. He 
produced cardiac irregularities in cats by central vagal stimulation, 


clamping both carotid arteries, and the intraventricular cerebral injection 
of acetylcholine, caffeine or nicotine. The fact that the minimum effective 
intraventricular cerebral dose of caffeine was one fifth of the correspond- 


ing intravenous dose he considers strong evidence against the theory that 
the drug acts on any tissue outside the central nervous system. Sodium 
barbital given intracerebrally or intravenously was found to lessen the 
incidence of or abolish the cardiac irregularities provoked by the 
caffeine. The possibility of a similar mode of action in human beings 
is considered. He records experiments on a man in whom sodium 
barbital markedly lessened the number of ectopic beats. By analogy to 
the results in the cat he considers that the extrasystoles were probably 
of central origin. While this analogy will support his theory it will not 
permit conclusion. 

The clinical application of some of this knowledge has already been 
made. The vagomimetic cholines have been used in the control of 
abnormal rhythms, and the stimulating action of epinephrine is well 
known. Also, the barbital compounds may prevent the occurrence of 
ectopic beats or rhythms, which have been shown to occur frequently 
during anesthesia. 

Van Liere, Crisler and Hall,® using dogs under sodium barbital 
anesthesia, measured the area of the heart by means of roentgen rays 
before and after cardiac dilatation was produced by the administration 
of pure nitrogen. When these animals were again subjected to similar 
grades of anoxemia after the intravenous injection of 0.25 cc. of tincture 
of digitalis per kilogram of body weight the amount of cardiac dilatation 
was appreciably lessened. The authors feel that digitalis acts directly 
on the cardiac musculature so that the tone of the heart is increased and 
contraction is more complete. These observations afford additional sup- 
port to the clinical practice of giving digitalis to patients with normal 
rhythm in the early stages of heart failure. 

Bellet, Johnston and Schecter *° determined the tolerance of dogs to 
digitalis at various intervals of time after ligation of the left anterior 


8. Dikshit, B. B.: The Production of Cardiac Irregularities by Excitation 
of the Hypothalamic Centers, J. Physiol. 81:382, 1934. 

9. Van Liere, E. J.; Crisler, G., and Hall, J. E.: The Effects of Digitalis 
on Acute Cardiac Dilatation Produced by Anoxemia, J. Pharmacol. & Exper. 
Therap. 52:408, 1934. 

10. Bellet, S.; Johnston, C. G., and Schecter, A.: Effect of Cardiac Infarction 
on the Tolerance of Dogs to Digitalis, Arch. Int. Med. 54:509 (Oct.) 1934. 
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descending coronary artery in comparison with tolerance -in a normal 
control series. Tincture of digitalis diluted twenty times with physio 
logic solution of sodium chloride was given by continuous infusion into 
the femoral vein at a rate of 0.025 cc. per kilogram of body weight per 
minute. This rate of administration was sufficient to cause the death of 
normal dogs in from thirty to forty-five minutes. Dogs in which 
standardization was effected within one-half hour after ligation showed 
no diminution in tolerance to digitalis as compared with those in a con- 
trol group. During the stage from acute to subacute infarction toler- 
ance was diminished from 20 to 30 per cent, while in the animals with 
chronic infarction (with standardization from six weeks to six months 
after ligation of the coronary artery) the tolerance was less than that 
of the normal animals but higher than that of the group with subacute 
infarctions. This finding of the slight decrease in tolerance to digitalis 
in animals should not, however, be interpreted as evidence contraindi 
cating the use of digitalis in man when congestive heart failure super 
venes in acute, subacute or chronic myocardiac infarction. There is 
much more chance of saving than of losing life by the proper use of 
this drug in these cases. 

Kountz, Pearson and Koenig! revived human hearts shortly after 
death and measured the flow into the coronary arteries during vagal or 
sympathetic stimulation and the administration of drugs. In the 
strongly beating heart stimulation of the peripheral end of the vagus 
nerve slowed the heart rate and increased the flow into the coronary 
arteries while sympathetic stimulation increased the heart rate and 
decreased the flow. In four instances there was complete dissociation 
of the ventricles and auricles; under this circumstance stimulation of 
the nerves did not change the ventricular rate, but stimulation of the 
vagus nerve decreased the coronary flow and stimulation of the sympa- 
thetic nerve increased the flow. These results are of special 
interest and are at variance with the findings of Anrep and his collabo- 
rators and others. Anrep found that stimulation of the vagus nerve 
in dogs decreases, while the stimulation of the sympathetic nerve 
increases, coronary flow and that changes in the rate have no appreciable 
influence. Kountz and his co-workers ™ tested the matter further and 
found that atropine, which increases the rate and has but little effect 
on the strength of contraction, diminishes the coronary flow, while 
pilocarpine, which decreases the heart rate without change in the force 
of contraction, increases the flow. In hearts arrested in increased tone 


11. Kountz, W. B.; Pearson, E. F., and Koenig, K. F.: Observations on the 
Effect of Vagus and Sympathetic Stimulation on the Coronary Flow of the Revived 
Human Heart, J. Clin. Investigation 13:1065, 1934. 
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(alkaline perfusate) stimulation of the vagus nerve increased the 
coronary perfusion flow while sympathetic stimulation in two instances 
decreased it. In hearts arrested in decreased tone (acid perfusate) 
stimulation of the vagus nerve had no effect on coronary perfusion flow 
while stimulation of the sympathetic nerve increased it. These workers 
reached the interesting hypothesis that in man cardiac nerves exert their 
most important action on coronary flow through changes in the state of 
the heart muscle and in the heart rate. 

In an investigation on the nature of the action of diuretic drugs in 
normal persons, Blumgart and his collaborators *? studied the water and 
salt metabolism and its alterations with the administration of salyrgan 
(mersalyl), novasurol (merbaphen), euphyllin (theophylline ethylene- 
diamine ) and theobromine sodiosalicylate. The 3 normal men chosen for 
this study were placed in a physical environment kept as constant as pos- 
sible. A uniform diet and the same measured amounts of water were 
given at specified times each day. Specimens of urine were collected seven 
times daily and the constituents carefully analyzed. Certain analyses 
of stools and of serum were also made, and the rates of glomerular 
filtration were measured by a modification of the method of Rehberg. 
The diuretic effects of the four drugs studied were qualitatively similar. 
All caused an increased output of water, sodium, chloride, potassium 
and calcium. No significant change occurred in the metabolism of 
phosphate, sulphate, ammonia or total nitrogen. In general, merbaphen 
produced a slightly greater effect than the same amount of mersalyl; 
the xanthine diuretics caused a smaller response than a comparable 
clinical dose of the mercurial diuretics. Doubling the dose of mersalyl 
and of merbaphen approximately doubled the duration of the diuresis 
and approximately trebled its magnitude. The authors concluded that 
the immediate cause of the diuresis is a relative decrease in tubular 
reabsorption ; the rate of glomerular filtration remains unchanged. This 
conclusion assumes the validity of the method of Rehberg. The impor- 
tant source of the increased output of water and salt is the body fluids, the 
intracellular loss being only 10 per cent or less of the total. Neither 
the xanthine nor the mercurial diuretics caused measurable changes in 
the specific gravity or in the sodium chloride content of the blood serum 
during the height of, or after, diuresis. These results are opposed to the 
opinions of investigators who believe that diuresis following the adminis- 
tration of diuretic drugs is initiated by the kidneys in response to 
measurable changes in some of the constituents in the blood. 


12. Blumgart, H. L.; Gilligan, D. R.; Levy, R. C.; Brown, M. G., and Volk, 
M. C.: Action of Diuretic Drugs: I. Action of Diuretics in Normal Persons, 
Arch. Int. Med. 54:40 (July) 1934. 
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While space prohibits details we should like to mention by title some 
interesting papers on respiratory arrhythmia '* and on the creatine con 
tent of the myocardium." 


ELECTROCARDIOGRAPHY 


The three leads usually employed in electrocardiography interpret the 
potential differences arising in the heart, projected in a single plane 
along the sides of an imaginary equilateral triangle. The value of leads 
taken in another plane has long received consideration, but only during 
the past few years have significant studies been carried out. The 
technic of precordial leads and the characteristics of the normal curves 
have been described and certain abnormal curves interpreted. While 
most of the information which can be offered by the electrocardiogram 
is shown in the usual leads, the precordial leads are proving an aid 
in the localization of certain myocardiac defects in the heart and rarely 
in showing such a defect not evident in the standard leads. It may 
be mentioned that in leading from the precordium variations in the 
resulting curves occur when the lead point is shifted. Most workers 
therefore consider multiple derivations necessary. It is readily apparent 
that a large amount of information must be collected on the normal and 
abnormal curves before a final appraisal of this procedure can be made. 

Master ?* adds the information. gained by a study of the precordial 
lead in 104 normal adults. The anterior electrode was placed near the 
lower end of the sternum just to the left of the midline, and the posterior 
electrode was directly opposed behind. This approximates the position 
of the exploring electrode used in obtaining the so-called lead IV. 
Figure 1 in Master’s paper *° is a typical illustration. In his series the 
P wave is negative, not more than — 1.5 mm., and is usually followed 


by an end-deflection above the iso-electrie level. The PQ interval aver- 
ages 0.15 second. The ORS group is always diphasic (first phase 
downward, second phase upward) and never notched or slurred. Its 
duration is 0.09 second. The absence of the Q wave (first phase of the 
ORS group, negative) or of the R wave (second phase of the ORS 


13. Ziegler, K.: Die respiratorische Arrhythmie im Alter, Ztschr. f.. Kreis- 
laufforsch. 26:1, 1934. Hermann, H.; Jourdan, F., and Vial, J.: De 1’influence 
des mouvements respiratoires sur le tonus et l’excitabilité du centre cardio- 
modérateur bulbaire, J. de physiol. et de path. gén. 32:343, 1934. 

14. Cowan, D. W.: The Creatine Content and the Weight of the Ventricles 
in Experimental Hyperthyroidism and After Thyroparathyroidectomy, Am. J. 
Physiol. 109:312, 1934; The Creatine Content of the Myocardium of Normal and 
Abnormal Human Hearts, Am. Heart J. 9:378, 1934. Seecof, D. P.; Linegar, 
C. R., and Myers, V. C.: The Difference in Creatine Concentration of the Left 
and Right Ventricular Cardiac Muscles, Arch. Int. Med. 53:574 (April) 1934. 

15. Master, A. H.: The Precordial Lead in One Hundred and Four Normal 
Adults, Am. Heart J. 9:511, 1934. 
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group, positive) is definitely abnormal. The Q wave averages — 5.3 
mm. and the R wave, + 10.7 mm. No Q wave less than — 1.5 mm. 
and no R wave less than +2.5 mm. was observed. The RT transi- 
tion is below the iso-electric level and occasionally is just iso-electric. 
A positive RT transition or one that is more than 2 mm. below the iso- 
electric level is definitely abnormal. The T wave is always inverted and 
usually is less than —6 mm. 

Wood and Wolferth *® have reported 7 cases in which huge T waves 
(13 mm. or more in amplitude) were demonstrated in the precordial 
leads which decreased in amplitude at a later date. Symptoms in these 
cases pointed to occlusion of a small branch or partial occlusion of a 
large coronary vessel. The usual leads indicated acute or subacute 
cardiac infarction in each instance. 

Lian’? and his collaborators have employed precordial leads 
which were governed by anatomic considerations of the heart cavi- 
ties. They have endeavored to study auricular and ventricular deriva- 
tions and to divide each of them into left and right varieties. 
Electrodes placed on the manubrium and at the sternal extremity of 
either the third or the fifth right intercostal space yield the most satis- 
factory auricular curves, which, they believe, correspond principally to 
the right auricle. They give data on illustrative cases of auricular 
fibrillation and flutter in which the usual leads failed to show, or did 
not show properly, the auricular waves, whereas the precordial leads 
showed these waves indisputably. They attempted, relatively unsuccess- 
fully, to obtain left auricular leads. <A series of tracings were taken 
which, they believe, record predominantly left ventricular events by 
leaving one electrode fixed over the apex of the heart while the second 
was moved circumferentially toward the left and then toward the right ; 
a point over the xiphoid was chosen for the fixed electrode in obtain- 
ing tracings showing chiefly right ventricular events. The character- 
istics of electrocardiograms so obtained from normal and abnormal 
hearts are detailed. Ina study of persons with heart disease the infor- 
mation obtained from precordial derivations was confirmatory of that 
derived with the usual leads. In persons with intraventricular block the 
precordial tracings showed pure or predominant right or left ventricular 
preponderance. In instances of ventricular extrasystoles the workers 
were unable to conclude whether their origin was in the right or in the 
left ventricle. 


16. Wood, F. C., and Wolferth, C. C.: Huge T-Waves in Precordial Leads 
in Cardiac Infarction, Am. Heart J. 9:706, 1934. 
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d. mal. du coeur 27:189, 1934; Les dérivations précordiales en électrocardiographies ; 
II. Les dérivations ventriculaires, ibid. 27:269, 1934. 
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In taking standard electrocardiographic leads, Wilson and_ his 
collaborators ** point out that electrodes are placed approximately equi- 
distant from the heart and that, on the average, their potential variations 
are of about the same magnitude and influence equally the resultant 
curves. When the exploring electrode is placed on the precordium and 
the indifferent electrode is placed on the left leg the chief features of 
the curves so taken are determined by the potential variations of the 
mobile electrode. However, the potential variations of the indifferent 
electrode cannot always be regarded as negligible. To reduce or elimi- 
nate them and make precordial curves more nearly comparable to those 
obtained by direct and semidirect leads in animals, they designed leads 
to record the potential variations of a single electrode. Leads from 
both arms and the left leg are connected through separate noninductive 
resistances to a central terminal which serves as the indifferent electrode. 
This central terminal and the exploring electrode are connected to the 
input terminals of a vacuum tube with a balanced plate circuit in which 
the string galvonometer is inserted. Theoretical considerations and 
experiments on a model indicate that under these circumstances the 
potential variations of the central terminal are negligible. The curves 
obtained by leading from an exploring electrode in contact with any 
part of the body to the central terminal represent the variations in 
potential produced by the heart beat in the region in contact with the 
exploring electrode. 

Employing this method, Wilson and his co-workers " 
cordial leads in 3 cases in which standard electrocardiograms showed a 
ORS interval measuring 0.12 second or more, narrow R deflections and 
broad S deflections in lead I, while lead III showed a narrow downward 
deflection synchronous with R in lead I and a broad upward deflec- 


) 


obtained pre- 


tion synchronous with S in the same lead. Leads from the right side 
of the precordium in these cases showed a very late chief upstroke while 
leads from the left side of the precordium showed an early chief 
upstroke approximately synchronous with the peak of R in lead I. 
These curves were strikingly similar to those obtained by the same 
method of leading after section of the right branch of the bundle of 
His in dogs. In dogs there is great similarity between curves obtained 
by direct lead from the heart and precordial curves, which strongly 
supports the view that the ventricular complex in precordial leads in man 
is similar in general outline and with regard to the position of the 


18. Wilson, F. N.; Johnson, F. D.; Macleod, A. G., and Barker, P. S.: Elec- 
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chief upstroke in the QRS interval to the curves that would be obtained 
by leading directly from the epicardial surface of the subjacent por- 
tions of the cardiac wall. It is concluded, therefore, that clinical curves 
of the kind described are due in all probability to right bundle branch 
block. 

In another report Wilson and his colleagues *° describe 3 cases in 
which the standard electrocardiograms suggested an unusual variant of 
the kind seen in left bundle branch block. In lead I all the ventricular 
deflections were small, there was a conspicuous S deflection and T was 
usually flat or upright. In leads II and III the ventricular deflections 
are similar in all respects to those seen in left bundle branch block. 
In precordial leads using a central terminal for the indifferent electrode, 
there was clear indication that in each instance the conduction defect 
was on the right side, and similar curves were obtained in right bundle 
branch block in the dog. 

Utilizing this newer knowledge, Bayley *! analyzed the examples of 
bundle branch block in Wilson’s clinic and found 70 curves of complete 
right bundle branch block and 103 curves showing the characteristics of 
left bundle branch block. Thus, previous ideas concerning the rarity 
of right bundle branch block are no longer tenable. In a comparison 
of the etiologic factors responsible for block of the right or left side no 
significant differences were noted except with regard to rheumatic heart 
disease, in which the defect was found in 7 of 8 cases to be on the 
right. 

While the relationship between the final ventricular deflection, T, 
and coronary heart disease has been extensively investigated, a similar 
relationship with regard to changes in the initial ventricular deflections, 
ORS, has only recently received attention. During the past year addi- 
tional studies ** have emphasized previous declarations of the diagnostic 
value of these changes in the QRS complex. Two types of QRS 
deflections are held to be characteristic of coronary heart disease, the Q,, 
and Q, types. In the former, according to Durant,?** QO in lead I must 
measure at least 1 mm. and be at least one-fifth as large as the largest 
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R wave in any lead; there must be a definite R wave in lead I measur- 
ing less than 5 mm. In the Q, type, Q in lead III must measure at 
least one-half as much as the largest R in any lead, and in lead 2, 
Q must measure at least one-fourth as much as R; curves showing right 
axis deviation must be excluded. The Q, type is commonly associated 
with acute or healed infarcts involving the anterior wall or apical portion 
of the heart, while the Q, type is commonly associated with infarction 
of the posterior wall of the heart. Because ORS is not as variable in 
form and direction as T, the lasting character of these ORS changes 
has been emphasized. It is necessary to mention that in a considerable 
number of cases yielding QRS waves of the types mentioned no 
coronary disease can be found; the QRS changes alone should not be 
relied on too strongly, especially in lead II[. The criteria proposed by 
Durant *** narrow considerably the field within which so-called Q, may 
be judged to be abnormal, in contrast to the loose references to so-called 
coronary Q, waves current recently. 

By means of records of the heart sounds and apex cardiograms 
Lewis ** has studied patients in whom bundle branch block was present. 
When these results were correlated with certain physical findings he 
concluded that the latter could not be related to the bundle branch block 
itself or to asynchronism of the ventricles. 

Lian, Golblin and Baraige?* have reinvestigated the diagnostic 
value of the relation between the duration of systole and that of diastole 
as shown in the electrocardiogram, a matter in which there is not 
univocal conclusion. They established normal values based on the 
duration of systole and diastole at varying heart rates in healthy subjects. 
A formula was devised for practical use in determining the duration of 
systole at a given heart rate. In hypertensive heart disease they found 
that a manifest cardiac insufficiency can exist without lengthening the 
ventricular systole, but if the systole is lengthened serious heart disease 


is invariably present. Similar conclusions were reached with regard to 


valvular heart disease. 

Bruno ** has uniquely employed the electrocardiograph in estimating 
the efficiency of the various resuscitation methods, particularly the 
different forms of artificial respiration and the various forms of 
medicinal and mechanical cardiac stimulants. The electrocardiogram 
provides a means of registering cardiac activity when clinical signs are 
inadequate. 
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Pezzi ** studied what he believed to be an odd phenomenon of the 
electrocardiogram characterized by a special wave appearing below the 
descending limb of the R wave. In most of the illustrations which he 
has offered, however, this special wave is not of auricular origin as he 
maintains but is of ventricular origin and characteristic of aberration 
of the QRS waves such as commonly occurs in bundle branch block. 
[his misinterpretation throws out his reasoning, which would otherwise 
have been interesting, about the problem of the physiopathology of the 
auriculoventricular node and bundle with particular reference to 
Géraudel’s ** theories. 

ROENTGENOLOGY 

Roesler ** reemphasizes the fact that the present status of roentgeno- 
logic measurement of the heart, with its common limitation to one plane, 
is unsatisfactory. To judge better the volume of the heart he determined 
the anteroposterior dimension of the heart as seen in the lateral view 
in 150 healthy persons. These figures were correlated with certain 
others of the cardiac diameters obtained in anterior and oblique views. 
He found that the average anteroposterior diameter of the heart is 
73 per cent of the average transverse diameter and 66.3 per cent of the 
average oblique diameter. A close relationship was found between 
the weight of the body and the anteroposterior diameter as well as the 
transverse diameter. Height affects the diameters only if the weight 
of the body increases correspondingly. In certain persons the heart 
deviates from the average type by being flatter, broader and longer, while 
in others it is deeper, narrower and shorter. 

Wilson *® believes that the usual roentgenologic criteria offer little 
assistance in differentiating between the normal and the moderately 
enlarged heart in the child. She proved the inability of the usual indexes 
(cardiothoracic index and surface area) to distinguish with any degree 
of frequency the normal from the abnormal heart in a series of 
504 cases. When the heart was studied in several planes the abnormal 
heart was distinguished from the normal in an overwhelmingly large 
percentage. Of special importance was the size of the angle of clearance 
of the left ventricle determined by rotating the subject from the left 


anterior oblique position until the lower dorsal border of the heart was 
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clearly separated from the vertebral column. The degree of rotation at 
which this is observed is arbitrarily designated the angle of clearance. 

The determination of the volume, shape and action of the chambers 
of the heart and the aorta is the chief goal of the cardiac roentgenologic 
examination. Because the heart is a moving, irregular, three-dimensional 
body great limitations are encountered. A roentgenogram shows the 
cardiac silhouette in a single plane only, and fluoroscopy does not allow 
an appreciation of the finer details of movement. Cinematograph 
studies would be highly desirable, but they have not yet proved feasible. 
The kymographic method has made practical, however, two-dimensional 
registration, which Vaquez places in the category of optical inscriptions. 
The kymograph consists of a grid constructed of lead strips separated by 
narrow openings placed between the patient and the film-carrier. Dur- 
ing exposure either the film-carrier or the grid is moved at a specified 
rate. With a moving grid the continuity of the contour of an organ 
is obtained while a moving film shows the contour of an organ in step- 
like stages. One film records the results of a continuous series of 
exposures. Kymography is proving a useful complement to the usual 
roentgenologic methods and during the past year has been studied 
extensively.*° It promises to aid in the functional and anatomic stud) 
of the normal and the abnormal heart. It will probably allow con- 
siderations of contractility and tonus and better differentiation of the 
several cardiac chambers and their movements and should materially aid 
in the diagnosis of pulmonary congestion and pericarditis and in the 
differential diagnosis of mediastinal tumors and aneurysm, especially 
with improvement of apparatus and technic. 

Some interesting roentgenologic studies of intracardiac calcifications 
have been made.*t Not only does this method furnish objective 
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mit unterbrochenem Schlitz, ibid. 49:224, 1934. Hirsch, I. S., and Schwarzschild, 
M.: The Simultaneous Recording of Cardiac Movements and Sounds by the 
Roentgen Ray, Acta radiol. 15:101, 1934. 

31. Bishop, P. A., and Roesler, H.: The Roentgenologic Diagnosis of Intra- 
Cardiac Calcifications, Am. J. Roentgenol. 31:1, 1934. Wosika, P. H., and Sosman, 
M. C.: The Roentgen Demonstration of Calcified Coronary Arteries in Living 
Subjects, J. A. M. A. 102:591 (Feb. 24) 1934. Sosman, M. S., and Wosika, P. H.: 
The Position of the Heart Valves and Their Relation to the Anterior Chest Wall in 
Living Subjects with Abnormal Hearts, Am. Heart J. 10:156, 1934. 
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pathognomonic evidence of certain changes in the heart but it adds to 


the knowledge of cardiac anatomy and physiology. 


INCIDENCE AND ETIOLOGY OF HEART DISEASE 

The “appalling increase in the death rate from heart disease” has 
been a favored subject for discussions and addresses. The sources for 
material have usually been “clinical impressions” or actuarial figures 
improperly corrected. Cohn and Lingg ** have studied certain statistics 
on the death rate in the registration area comprising the states of New 
England, New York, New Jersey, Indiana and Michigan and the Dis- 
trict of Columbia. Curves representing the death rate at each decade 
from 1900 to 1930 were constructed. For the infectious diseases the 
rate has fallen in every decade. For heart disease, before the age of 
40 the rates have steadily fallen since 1900. In the later decades the 
death rate has increased distinctly for “chronic cardiac diseases” and 
“diseases of the arteries’ and less in the three highest decades (70 and 
upward) for “chronic nephritis” and “cerebral hemorrhage and soften- 
ing of the brain’ and has fallen sharply for “senility.” If the group 
of circulatory and renal diseases is studied as a whole with a view to 
ignoring fashions in diagnosis, an increase in the death rate is observable 
beginning with the sixth decade, but the increase is slight in comparison 
with what have been regarded as the facts based on a consideration of 
“chronic cardiac diseases” alone. The rise in the rate for the circulatory 
diseases, relatively small though it is, depends largely on the fall in the 
rate for infectious diseases—not the fall, as has often been supposed, 
in early life, but the fall in those very decades in which a rise in the 
mortality from circulatory diseases has taken place. A consequence of 
this analysis is that belief in the theory that “stress and strain” of life 
accounts for most of the increase in the death rate for the cardiac dis- 
eases is unnecessary. 


RHEUMATIC HEART DISEASE 


Paul and his collaborators ** have sought further proof of the clinical 
impression that rheumatic fever finds its highest incidence among persons 
living under poor hygienic and urban conditions. They compared the 
incidence of rheumatic heart disease in pupils between the ages of 4 and 
18 years in public and private schools of New Haven, Conn., and its 
environs. The incidence of rheumatic heart disease in a single large 
public school in one of the poorer districts of the city was 48.1 per thou- 


32. Cohn, A. E., and Lingg, C.: Heart Disease from the Point of View of 
the Public Health, Am. Heart J. 9:283, 1934. 

33. Paul, J. R.; Harrison, E. R.; Salinger, R., and De Forest, G. K.: The 
Social Incidence of Rheumatic Heart Disease: A Statistical Study in New Haven 
School Children, Am. J. M. Sc. 188:301, 1934. 
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sand. This proved to be one and one-half times as high as that found 
in a public school in one of the better districts of the city and eight times 
as high as that found among the smaller group of pupils from private 
schools who came from the best districts. The average incidence of 
rheumatic heart disease among pupils attending two urban public 
schools was about twice that recorded among pupils of a similar age 
group who attended suburban and rural public schools. These findings 
are in accord with observations made in 1924 by Faulkner and White.** 
Great efforts have been made without success to establish definitely 
the relationship between streptococcic infection and rheumatic fever. A 
few of the recent investigations along this line may be mentioned. 
Rinehart and his associates ** have presented experimental data which 
they believe offer evidence that rheumatic fever may be the result of the 
combined influence of scurvy and infection. They found that when 
guinea-pigs are subjected to scurvy and a localized infection with beta 
hemolytic streptococcus striking lesions are produced, while lesions of 
similar significance are not seen with either agent acting alone. In the 
valves of the heart pathologic changes of a degenerative and proliferative 
character occur which resemble those of acute rheumatic fever. While 
typical Aschoff bodies were not seen in the myocardium the authors 
describe changes similar to those in the Aschoff reaction and lesions 
resembling the “fibrinoid degeneration” which Klinge considered char- 
acteristic of rheumatic fever. They describe changes in the joints and 
elsewhere which have striking pathologic similarities to those of rheu- 
matic fever. These interesting experiments must await confirmation 
before a final opinion can be given; it cannot be safely argued that 
rather similar pathologic responses declare a common etiologic agert. 
Weinstein and Styron*® made cultures from the nasopharyngeal 
swabbings from 321 patients, 46 per cent of whom suffered from active 
or chronic rheumatic fever and the remainder of whom formed a con- 
trol group which included normal persons and patients suffering from 
conditions unrelated to rheumatic fever. The authors discovered that 
Streptococcus haemolyticus is present no more frequently or abundantly 


33a. Faulkner, J. M., and White, P. D.: The Incidence of Rheumatic Fever, 
Chorea and Rheumatic Heart Disease, J. A. M. A. 83:425 (Aug. 9) 1924. 

34. Rinehart, J. F., and Mettier, S. R.: The Heart Valves and Muscle in 
Experimental Scurvy with Superimposed Infection: With Notes on the Similarity 
of the Lesions to Those of Rheumatic Fever, Am. J. Path. 10:61, 1934. Rinehart, 
J. F.; Connor, C. L., and Mettier, S. R.: Further Observations on Pathologic 
Similarities Between Experimental Scurvy Combined with Infection and Rheu- 
matic Fever, J. Exper. Med. 59:97, 1934. 

35. Weinstein, I, and Styron, N. C.: Bacteriologic Study of Throats in 
Rheumatic and Nonrheumatic Fever with Special Reference to Hemolytic Strepto- 
cocci, Arch. Int. Med. 53:453 (March) 1934. 
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in cultures of swabbings from the throats of persons suffering from 
rheumatic fever than in those of other persons, nor does this strepto- 
coccus appear more abundantly in the flora from the throats of patients 
with acute rheumatic fever than in those of patients with chronic 
rheumatic heart disease. Green-producing streptococci were present in 
all the cases of rheumatic heart disease and predominated in 69 per 
cent, while indifferent streptococci were present in 96 per cent of the 
cases but did not predominate in any. An effort was made to deter- 
mine a definite relationship between exacerbations of rheumatic fever 
and previous infections of the upper respiratory tract with Str. haemo- 
lyticus. Among 96 patients 37 had an exacerbation of chronic rheumatic 
heart disease. Of the 37, 18 suffered from an infection of the upper 
respiratory tract from fifteen to twenty-one days prior to the recru- 
descence of rheumatic symptoms while 19 had no recognizable preceding 
infection. Of the 37, 23 had throat cultures which yielded Str. 
haemolyticus three weeks or more prior to the relapse, and 14 had no 
known occurrence of these organisms, although 9 of the 14 did 
experience infection of the upper respiratory tract. Whether these 9 
patients would have shown Str. haemolyticus had more cultures been 
made at the time of infection is not known. The authors interpret 
these observations as suggesting a possible relationship between the 
hemolytic streptococcus and the exacerbations of acute rheumatic fever. 

Todd has described an antistreptolysin which is capable of neutra- 
lizing the hemolytic substance formed in vitro by hemolytic streptococci. 
He found an increase in this antistreptolysin in the blood stream of 
persons recently recovered from infection with Str. haemolyticus. 
Myers and Keefer ** confirmed Todd’s results and found that the 
titer of the serum of patients with active rheumatoid arthritis was in 
all respects similar to that of normal persons. While in 33 patients 
with active rheumatic infection the average titer was greater than in 


normal persons and about the same as for patients with proved infec- 
tion with Str. haemolyticus, in 7 of these 33 cases the titer was never 
found to be higher than normal. Myers and Keefer feel justified in 
questioning the inference that an attack of rheumatic fever is neces- 
sarily dependent on a preceding infection with Str. haemolyticus. 
Tillett and his associates *’ are investigating another means of 
determining the response of the body to infection with Str. haemolyticus. 


36. Myers, W. K., and Keefer, C. S.: Antistreptolysin Content of the Blood 
Serum in Rheumatic Fever and Rheumatoid Arthritis, J. Clin. Investigation 13: 
155, 1934. 

37. Tillett, W. S.; Edwards, L. B., and Garner, R. L.: Fibrinolytic Activity 
of Hemolytic Streptococci: The Development of Resistance to Fibrinolysis Fol- 
lowing Acute Hemolytic Streptococcus Infections, J. Clin. Investigation 13:47, 
1934, 
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The investigation is concerned with the demonstration that whereas 
broth cultures of hemolytic streptococci are capable of rapidly liquefying 
the fibrin clot of normal human plasma, the blood of patients con- 
valescent from infection with Str. haemolyticus is highly resistant to 
the fibrinolytic principles. Comparative tests on a series of patients 
with rheumatic fever have not yet been carried out. 

Gross and Ehrlich ** have studied the genus of Aschoff body 
found in the interstices of the myocardiac bundles. Seven types are 
delineated, not counting the many possible combination forms. The 
authors believe that these lesions pass through three stages of develop- 
ment during a period of sixteen weeks following the onset of rheumatic 
fever ; the types of lesions found at each stage are described. 

Karsner and Bayless *® report their studies on the coronary arteries 
in fifty-six hearts showing Aschoff nodules, controlled with observa- 
tions on forty nonrheumatic hearts. They found the incidence of 
intimal fibrosis of the smaller coronary vessels overwhelmingly greater 
in the rheumatic than in the nonrheumatic hearts and concluded that 
permanent arterial disease appears early in the course of rheumatic 
fever. This intimal fibrosis they believe to be progressive and to 
afford the best explanation for the extensive myocardiac fibrosis and 
scarring. 

Rothschild and his associates *® have tested the clinical impression 
that myocardiac changes rather than valvular defects are probably the 
immediate cause of cardiac failure in rheumatic heart disease. They 
investigated the clinical records and autopsy material of 161 cases of 
rheumatic cardiovalvular disease and correlated by decades the occur- 
rence of heart failure, the degree of valvular damage and the evidence 
of active rheumatic infection. Of the 161 cases, evidence of acute 
infection was noted in 106, in 103 of which the patient died of cardiac 
failure. The authors concluded that the occurrence of heart failure 
in the first five decades of life in persons who have a valvular defect 
can, in the majority of instances, be attributed to an active rheumatic 
infection of the myocardium rather than to the degree of the 
mechanical defect. Circulatory failure in the later decades of life was 
found, in the majority of cases, to be precipitated by the expected con- 


38. Gross, L., and Ehrlich, J. C.: Studies on the Myocardial Aschoff Body: 
I. Descriptive Classifications of Lesions, Am. J. Path. 10:467, 1934; II. Life Cycle, 
Sites of Predilection and Relation to Clinical Course of Rheumatic Fever, ibid. 
10:489, 1934. 

39. Karsner, H. T., and Bayless, F.: Coronary Arteries in Rheumatic Fever, 
Am. Heart J. 9:557, 1934. 

40. Rothschild, M. A.; Hergel, M. A., and Gross, L.: Incidence and Signifi- 
cance of Active Infection in Cases of Rheumatic Cardiovalvular Disease During 
the Various Age Periods, Am. Heart J. 9:586, 1934. 
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tributory causes. The authors rightly point out the practical application 
of these observations, which places insistence on suspecting active 
rheumatic infection as the immediate cause of heart failure in persons 
under 50 years of age. 


DIPHTHERITIC HEART DISEASE 

Careful correlation between the electrocardiographic and clinical 
findings in diphtheritic myocarditis has shown‘! that while both 
methods are important, damage is detected earlier and more frequently by 
the electrocardiographic method and that it consequently forms a better 
guide to prognosis and therapy. Anderson *'* reexamined 15 patients 
in whom electrocardiographic changes were noted during their attack 
of diphtheria eight or nine years earlier and found that the changes 
were permanent in 7. 


VON GIERKE’S DISEASE (GLYCOGEN-STORAGE DISEASE) 

Von Gierke in 1929 reported a unique disease entity, the chiet 
feature of which is massive deposits of glycogen in certain organs 
Over 15 proved cases have now been reported which provide the basis 
for a brief summary.** 

This disease is a disorder of infancy or childhood and may affect 
either sex. Its etiology is unknown, but is presumably concerned with 
defective carbohydrate metabolism allowing the parenchymal cells of 
certain organs to become infiltrated with glycogen. The distribution of 


glycogen shows unaccountable vagaries, and while the largest deposi- 


tion is usually in the heart or liver, other tissues usually hold variable 
amounts. Intimately associated degenerative or proliferative changes 
are rare, but various disturbances of body growth may occur. At least 
41. (a) Anderson, M. S.: Electrocardiographic Studies on Diphtheric Myo- 
carditis: I. Myocarditis in Fatal Diphtheria, Acta med. Scandinav. 84:253, 1934 
II. Electrocardiographic Signs of Myocarditis in Moderate and Severe Nonfatal 
Diphtheria, ibid. 84:268, 1934; III. Comparison Between the Results of the Clin 
ical and the Electrocardiographical Diagnosis of Myocarditis, ibid. 84:297, 1934; 
IV. Subsequent Course of Diphtheric Myocarditis, ibid. 84:308, 1934. (b) Behr, 
W.: Ueber Herzschadigungen bei maligner Diphtherie, Ztschr. f. Kreislaufforsch 
26:89, 1934. (c) Berger, W., and Olloz, M.: Elektrokardiographische Unter- 
suchungen bei Scharlach und Diphtherie, Schweiz. med. Wehnschr. 64:992, 1934 


42. Humphreys, E. M., and Kato, K.: Glycogen-Storage Disease: Thesauris 
mosis Glycogenica (von Gierke), Am. J. Path. 10:589, 1934. Biedermann, H., 
and Hertz, W.: Der Einfluss von Adrenalin und Insulin auf den Kohlehydrat- 
stoffwechsel bei Glykogenspeicherkrankheit, Deutsches Arch. f. klin. Med. 176: 
272, 1934. Antopol, W.; Heilbrunn, J., and Tuchman, L. R.: Enlargement of 
the Heart Due to Abnormal Glycogen Storage, in von Gierke’s Disease, Am. J 
M. Sc. 188:354, 1934. 
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some instances of so-called congenital idiopathic cardiac hypertrophy 
are due to glycogen-storage disease. When the heart is involved signs 
and symptoms of cardiac failure ensue. No specific treatment is known. 


ARTERIAL HYPERTENSION 

There are a number of pathologic conditions with which hyperten- 
sion is associated and to which it appears to be secondary. Often, 
however, it apparently exists without definite relationship to any asso- 
ciated disorder; it is then termed essential hypertension. Essential 
hypertension is commonly considered, though possibly incorrectly, as a 
definite entity due to a single cause, and this cause has been widely 
sought. Numerous theories of the etiology have been offered, most of 
which involve a factor known to cause secondary hypertension under 
certain conditions. Two excellent reviews ** have appeared in English 
during the past year, and reference may be made to them for critical 
exposition of recent work. Only a superficial review of a few of the 
articles appearing last year will be given here. 

Cushing ** again expresses his opinion regarding the role of the 
pituitary gland in certain hypertensive states. He believes that the 
distinctive cells of the pars intermedia acquire basophilic granules in 
the processes of maturation and migration into the pars nervosa and 
that the degree of basophilic infiltration may represent a measure of 
neurohypophyseal activation. He describes the marked increase in 
these cells found in instances of pituitary basophilism, eclampsia, essen- 
tial hypertension and hypertension with atherosclerosis in the aged. 
From this he concludes that the source of these hypertensive disorders 
lies in the posterior lobe of the pituitary body. He supports his 
argument with the discovery by Anselmino and Hoffmann of anti- 
diuretic and pressor substances (posterior pituitary-like substances) in 
the blood of eclamptic persons with hypertension. Byrom and 
Wilson,*® however, have failed to confirm Anselmino and Hoffmann’s 
claim, and Theobald ** gives significant evidence to show that eclampsia 
cannot be explained by postulating hyperfunction of the posterior lobe 


43. Weiss, S.: The Etiology of Arterial Hypertension, Ann. Int. Med. 8:296, 
1934. De Wesselow, O. L. V. S.: Arterial Hypertension (Croonian Lectures), 
Lancet 2:579, 1934. 

44. Cushing, H.: Hyperactivation of the Neurohypophysis as the Pathological 
Basis of Eclampsia and Other Hypertensive States, Am. J. Path. 10:145, 1934. 

45. Byrom, F. B., and Wilson, C.: The Alleged Pituitary Origin of the 
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46. Theobald, G. W.: The Alleged Relation of Hyperfunction of the Posterior 
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Sc. 1:225, 1934. 
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of the pituitary. We agree that Cushing’s hypothesis has not been 
proved, but until disproved the opinion of a recognized authority in 
this field commands consideration. 

Kylin **? reaffirms his belief that the significant factor in essential 
hypertension is hyperfunction of the anterior lobe of the hypophysis, 
which may be associated with hypofunction of the gonads. He con- 
trasts Simmond’s cachexia, in which hypofunction of the anterior lobe 
of the pituitary exists, with essential hypertension. Using the output 
of the gonadotropic factor as an index of prehypophyseal activity, he 
shows that hypertension is often associated with those conditions which 
cause an increase in the excretion of the gonadotropic factor. By 
quantitating the excretion of the gonadotropic factor in persons with 
normal and with increased blood pressure he found a direct relation- 
ship between the amount of gonadotropic factor excreted and the 
severity of the hypertension. One cannot gainsay Kylin’s arguments; 
we are inclined to agree that hyperfunction of the hypophysis may be 
associated with hypertension, but confirmation is lacking that this is 
the responsible factor in the majority of cases of essential hypertension. 

Daniel **® presents an interesting and critical review of various 
theories with regard to the etiology of essential hypertension with 
special attention to the hepatobiliary theory. The discussion of the 
hepatobiliary theory begins with many arguments provided to show the 
predominant role played by the chemical regulators of blood pressure. 
He next refers to the numerous clinical observations showing the asso- 
ciation of jaundice and lowered arterial tension. Reasons are given 
for his opinion that this is a physiologic attribute and not an argument 
in favor of the toxic nature of bile. To determine the action that bile 
exercises in the normal state he injected vesicular and refined bile into 
healthy dogs and noticed a very marked and persistent fall in blood 
pressure followed by a gradual return to normal. Dried refined beef 
bile was administered orally to 17 patients with essential hypertension 
for ten days in amounts varying from 1.5 to 3 Gm. daily. In 10 cases 
the systolic blood pressure was lowered from 40 to 60 mm. of mercury, 
in 5 the reduction was less but there was subjective improvement, 
while in 2 there was no appreciable effect. The responsible hypotensive 
substance was sought among the biliary elements. The rdle of mucin, 
the bile pigments and salts, cholesterol and choline was considered, but 
none of these was shown to be the active substance. Daniel believes that 


47. Kylin, E.: Ueber Prolanausscheidung bei essentieller Hypertonie. Beitrag 
zur Aetiologie des Hochdruckes, Deutsches Arch. f. klin. Med. 176:301, 1934; 
Ueber Kohlehydratumsatz bei essentieller Hypertonie. Akromegalie und Sim- 
mondsscher Krankheit, Med. Klin. 30:153, 1934. 
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sion, Ann. de méd. 35:300, 1934. 
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in all probability one must attribute this hypotensive action to certain 
unknown substances that have their route of elimination via the biliary 
tract, and he concludes that hepatic dysfunction may be related to varia- 
tions in the arterial blood pressure. 

Olmer and Carbonel *® point out the capital role played by the 
autonomic nervous system in the maintenance of normal arterial pres- 
sure and argue that without profound disequilibrium between the 
sympathetic and the parasympathetic system all the direct or indirect 
factors believed to cause hypertension are vain because they are imme- 
diately compensated for. The authors found support for this view in the 
fall of blood pressure which occurred in patients with hypertension 
when atropine and small doses of epinephrine were injected. Similar 
views are held by investigators °° in explaining the hypotensive action 
of a substance isolated from the pancreas by Santenoise and considered 
by him to be the hormone of the parasympathetic system. This sub 
stance increases the excitability of the sympathetic system, and one of its 
specific actions causes a slow, progressive fall in arterial tension. 

The depressor action of extracts of various organs has been further 
investigated and discussed.°' While it is true that some of these 
extracts have the power to lower arterial tension, this lowering is slight 
and certainly ephemeral, and it is doubtful if their therapeutic value in 
hypertension is greater than that of the nitrites. 

The surgical treatment of essential arterial hypertension has been 
directed toward decreasing the amount of circulatory epinephrine or 


destroying the vasoconstrictor nerves to vessels or both. The theory 
that essential hypertension is due to hyperepinephrinemia has not been 
proved, and the decrease in vascular tonus consequent to the destruction 
of sympathetic innervation is largely regained either by regeneration oi 
the nerves or by the decreased susceptibility of the denervated vessels 


to circulating hormones and possibly to other pressor bodies. 
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The DeCourcys and Thuss** have removed from two thirds to 
three fourths of each adrenal gland in 8 cases of hypertension. They 
report that the symptoms of hypertension have disappeared and that 
the blood pressure was lowered on the average from 70 to 90 mm. of 
mercury systolic and from 40 to 50 mm. diastolic in each case. 

Adson and Brown ® treated a patient with malignant hypertension 
by bilateral section of the anterior spinal nerve roots from the sixth 
thoracic to the second lumbar inclusive; following the operation there 
was a definite drop in the blood pressure. 

Craig and Brown treated 5 patients with hypertension by uni- 
lateral or bilateral resection of the splanchnic nerves. While the fall 
in blood pressure was not great there was a striking reduction in the 
pressor response to cold in 3 patients with subjective improvement. 


DISSECTING ANEURYSM OF THE AORTA 

Dissecting aneurysm of the aorta is an uncommon disease rarely 
diagnosed clinically, in which a breach in the wall allows the extension 
of the blood between the layers. This condition carries an added 
interest in the difficulty with which it is differentiated from angina 
pectoris or acute cardiac infarction. The recent extension of the 
knowledge in this regard *° will undoubtedly lead to a more frequent 
clinical recognition. 

Shennan °*** has written a monograph detailing the clinical features 
and pathologic changes in cases of dissecting aneurysm of the aorta. 
The first part is a historical introduction. The second part is a com- 
plete report of 17 of the 28 cases investigated by the author which 
illustrate all varieties of dissecting aneurysm except the sacculate. In 
the third part 500 cases are analyzed, including the 17 described in 


part 2. The fourth part comprises the summary and conclusions. 
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Shennan tound the incidence nearly twice as great among men as 
among women, and by far the greater number of cases occurred in 
the later decades of life. The most important determining factor is 
degeneration of the media, due in most cases to the selective action of 
toxins on the muscle fibers, followed by degeneration of the elastic and 
connective tissues. The proximate cause is an increase in arterial blood 
pressure due to physical effort or strong emotion. Syphilis is rarely 
an etiologic factor, in contradistinction to the common type of aortic 
aneurysm. The signs and symptoms may not be very distinctive. The 
one common feature is sudden onset, usually in a person who has 
previously shown no obvious symptoms of cardiovascular disease. 
There is usually a sense of anxiety and of something “giving away” 
in the chest, followed by intense pain in the thorax or abdomen. Pain 
may also be present in the side, back, head or limbs. Dyspnea, vomiting 
and dysphagia are less commonly present. Increase of cardiac dulness, 
dulness over one side of the thorax from fluid in the pleura and occa- 
sionally the absence or diminution of the pulse on one side were the 
most significant physical signs. The more general signs of cardiac 
disease and collapse gave little assistance. The duration of the illness 
is usually short, collapse and death frequently following the initial 
symptoms of an attack, while exceptionally excellent recovery is made. 
The author considers the main factor determining survival subsequent 
to the primary tear to lie in the varying period over which blood pres- 
sure is maintained at the height at which the primary rupture was 
produced. 

White, Badger and Castleman °°” call attention to 2 recent cases 
of dissecting aortic aneurysm (the diagnosis was incorrect in the first 
and correct in the second) with particular reference to the assembly 
of clues for differential diagnosis from coronary thrombosis. Such 
clues include (1) suddenness of onset of the maximal pain, (2) radia- 
tion of pain to the back and legs, (3) absence of marked hypotension, 
(4) absence of abnormal signs on cardiac auscultation and (5) a 
relatively normal electrocardiogram. 


VALVULAR HEART DISEASE 


An important study has been made concerning the incidence and 
diagnosis of aortic stenosis.*® At the Massachusetts General Hospital 
in 6,800 necropsies there were 123 (1.8 per cent) cases of aortic 
stenosis in contrast to 159 (2.3 per cent) cases of mitral stenosis in 
the same series. In another series of 4,800 patients with cardiovascular 
complaints the diagnosis of aortic stenosis was made in 113 cases 
(2.3 per cent). Calcareous valvular changes were found in 86 of the 


56. McGinn, S., and White, P. D.: Clinical Observations on Aortic Stenosis, 
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123 (70 per cent) cases that came to autopsy. In the group with 
calcareous changes the male sex predominated, and the patients were 
older. The most common etiologic factor was the rheumatic infection 
in youth, but there were many cases of uncertain origin. It was evident 
from this study that all grades of aortic stenosis exist, as in the case 
of mitral stenosis; that aortic stenosis even of considerable degree is 
common in New England, particularly in males; that calcareous 
changes are found chiefly in older patients, no matter what the cause ; 
that aortic stenosis is sometimes associated with considerable hyper- 
tension; that the condition is often overlooked when it should be 
clinically diagnosed; that it may be suspected from the presence of a 
harsh aortic systolic murmur in a patient without syphilitic aortitis even 
in the absence of an aortic systolic thrill or a plateau pulse and in the 
presence of the aortic second sound, and, finally, that it is an important 
lesion to search for, even in the lesser grades, because of its progression 
and because of the frequency with which it is associated with congestive 
heart failure. 

Twenty patients with mitral stenosis with attacks of acute pul- 
monary congestion with or without cardiac asthma have been studied * 
with particular reference to a comparison with a larger group (260 
cases) with the more common type of acute pulmonary congestion with- 
out mitral stenosis but with obvious factors of strain acting on the left 
ventricle (systemic hypertension, aortic valvular disease, coronary 
thrombosis). In the small group of cases of uncomplicated mitral 
stenosis (10 cases) acute pulmonary congestion was observed in younger 
patients; the attacks were precipitated by exertion or by paroxysmal 
tachycardia and were often accompanied by frank hemoptysis. The 
prognosis is more favorable than in most other cases of cardiac asthma. 
although digitalis and diuretics are of less value. The best explanation 
of the acute pulmonary congestion here is that when the heart is stimu- 
lated to greater work the hypertrophied and dilated right ventricle pro- 
pels more blood into the pulmonary vessels than can pass through the 
stenosed mitral valve in the same unit of time, with consequent acute 
pulmonary congestion. 


CORONARY HEART DISEASE 
Angina Pectoris——Gallavardin °° places insistence on the recogni- 
tion of angina pectoris in two fundamental forms: syphilitic angina 
pectoris and arteriosclerotic angina pectoris. The same clinical syn- 
drome covers these two varieties, which are distinct in their etiology, 


57. McGinn, S., and White, P. D.: Acute Pulmonary Congestion and Cardiac 
\sthma in Patients with Mitral Stenosis, Am. Heart J. 9:697, 1934. 

58. Gallavardin, A.: Tes deux angines de poitrine coronariennes, Médicine 
15:185, 1934. 
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lesions, treatment, clinical course and prognosis. He discusses the dif- 
ferential diagnosis, which is rather easy in the majority of the cases 
but may exceptionally present great difficulties, as in aged patients with 
a proved syphilitic condition. 

It has been experimentally shown that pain may arise in contract- 
ing somatic muscle deprived of its blood supply. The analogy of pain 
arising in the cardiac muscle followed this logically and was proved in 
studies on the angina of effort.°® The old theory that anginal pain 
arises from relative ischemia was established as fact and rival theories 
were destroyed. Further objective studies on the angina of effort have 
been made,®° to ascertain by actual test the relationship of the pain 
to such factors as the taking of exercise, gastric distention, external 
temperature and repeated effort. The most interesting observation 
was that two types of angina of effort exist. In both, tolerance for 
exercise is constant if sufficient rest is allowed between the end of one 
attack and the start of the next test. In one type, as this period of 
rest is reduced, tolerance for exercise gradually diminishes; in the 
other type there is a phase which may be as long as an hour, during 
which tolerance for exercise is increased. Tolerance for exercise was 
found to be reduced an average of 25 per cent after a heavy meal. 
Distention of the stomach with air, however, did not affect tolerance 
for exercise, and it was concluded that the effect after the ingestion of 
food was occasioned by the increased expenditure of energy of the 
heart. Variations in external temperature did not appreciably affect 
tolerance for exercise in cases of angina of effort in which tests were 
made, although there is much clinical evidence to the contrary. 

If patients suffering from angina pectoris breathe air deficient in 
oxygen pain may arise as the result of anoxemia. The clinical counter- 
part of this experiment is seen in certain patients with severe anemia 
who suffer anginal attacks. Hochrein and Matthes ** found the rela- 
tionship between anemia and angina to be extremely slight; among 
297 patients with angina only 5 had severe anemia and 3 of these had 
coronary heart disease. Pickering and Wayne ® reported observations 
on a series of 25 patients with anemia, 8 of whom complained of pain 


59. Wayne, E. J., and La Place, L.: Observations on Angina of Effort, Clin. 
Sc. 1:103, 1933. 

60. Riseman, J. E. F., and Stern, B.: A Standardized Exercise Tolerance 
Test for Patients with Angina Pectoris on Exertion, Am. J. M. Sc. 188:646, 1934. 
Wayne, E. J., and Graybiel, A.: Observations on the Effect of Food, External 
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over the sternum induced only by exercise and relieved by rest; in 6 
this pain was no longer experienced after the anemia had been cured, 
while in 2 it persisted. The authors conclude from their experiments 
that the essential factor in the production of anginal pain in anemic 
patients is a diminished supply of oxygen to the working cardiac muscle 
and not an inadequate flow of blood. 

The relationship of the use of tobacco and alcohol to angina pectoris 
has long been a subject of much practical interest, but it has never 
progressed much beyond the limits of medical gossip and hearsay. 
To aid in the problem a study ® has been made of the past habits in 
the use of tobacco and alcohol of 750 consecutive patients with angina, 
controlled by the study of similar habits in 750 patients without angina 
with the same sex and age distribution and from the same walks of life. 
Comparison of the two groups showed that 46 per cent of the patients 
with angina had been abstainers from tobacco while 24 per cent had 
used tobacco to excess, in contrast to 37 per cent of the control series 
who did not smoke and 34 per cent who smoked excessively. Total 
abstention from alcohol was the history of 62 per cent of the control 
series. Only 8 of the 750 patients with angina drank considerable or 
excessive amounts of alcohol, while 63 of the control series drank 
much alcohol. It appears from this study that neither the use 
of, nor the abstention from, tobacco or alcohol plays an important role 
in the genesis of angina pectoris. In occasional cases the use of tobacco 
apparently aggravates or precipitates attacks of angina pectoris, and in 
occasional cases alcohol helps to prevent or relieve such attacks. 

Complete removal of the thyroid gland in appropriate cases of 
angina pectoris has been established as a valuable procedure. Criteria 
for the proper selection of patients cannot be given categorically; the 
problem is more individual. It may be stated in general terms, how- 
ever, that this operation may be considered for patients for whom 
medical treatment is unsatisfactory if a sufficient lowering of the basal 
metabolic rate can be expected and if the patient’s fitness for operation 
can be proved. 

The mechanism of the relief of anginal pain following total thy- 
roidectomy has been considered. Weinstein and his associates ** not 


infrequently found that the pain in the chest disappeared shortly after 


operation, before the basal metabolic rate had been changed. They give 
good evidence that this is related to the interruption of afferent nerve 
63. White, P. D., and Sharber, T.: Tobacco, Alcohol and Angina Pectoris, 
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impulses from the heart. This improvement is temporary, however ; 
the permanent relief is concomitant with the lowering of the basal 
metabolic rate. Horgan and Lyon® report that division and ligation 
of both superior and inferior thyroid arteries has relieved patients of 
anginal attacks and has permitted them to lead relatively active lives 
Following thyroidectomy in the dog, Shambaugh and Cutler ®* found 
no demonstrable change in response produced by occlusion of the leit 
descending coronary artery. The sensory pathways of the heart are 
presumably left intact. They believe that the beneficial effect of 
removal of the thyroid gland in angina pectoris may be due, in part at 
least, to a diminished effectiveness of the physiologic output of 
epinephrine. 

A number of reports have appeared concerning the value of certain 
xanthine compounds and extracts of tissue as coronary dilators. A 
long-sustained increase in coronary circulation has not been shown in 
experiments on animals, and conclusions based on clinical studies are 
reached with great difficulty. At present we are not convinced that 
any of these preparations have great value. 

Cardiac Infarction —Studies relating to electrocardiographic diag 
nosis and localization of cardiac infarction have been mentioned under 
the section on electrocardiography. The value of oxygen therapy will 
be discussed in the next section. 


CONGESTIVE HEART FAILURE AND ITS TREATMENT 

The difficulties and complexities attending the explanation of the 
nature of congestive heart failure are shown in the reports by the 
Harrisons and their associates, which now number over twenty articles 
In recent studies ® they have investigated chiefly certain respiratory 
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Inferior Thyroid Arteries in Treatment of Angina Pectoris: Report of Case 
M. Ann. District of Columbia 3:123, 1934. Lyon, J. A., and Horgan, E.: Disso- 
ciation of Thyroid from Sympathetic Nervous System and Reduction of Blood 
Supply to Thyroid in Angina Pectoris, South. M. J. 27:985, 1934. 
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difficulties in relation to congestive failure. They have found that 
while the cardiac output of patients with congestive failure is usually 
from 10 to 30 per cent less than that of normal subjects the output 
may be within the normal range. The average values are similar for 
patients with compensation and with decompensation and in a given 
patient clinical improvement and disappearance of congestive failure 
may be associated with an increase, a decrease or no change in this 
function. These workers interpret these observations as favoring the 
“backward failure” theory of heart failure. They believe that the 
fundamental cause of nocturnal dyspnea is an increase in the degree of 
pulmonary congestion consequent to “back failure” from the left side 
of the heart. The vagus fibers are very sensitive to pulmonary con- 
gestion, and this leads to a reflex stimulation of breathing. Changes 
in the oxygen, carbon dioxide or acid-base equilibrium in arterial blood 
were not found to be important in initiating dyspneic attacks. Cough- 
ing, previous activity, overeating and dreams were listed as precipitat- 
ing factors. They describe four types of nocturnal dyspnea occurring 
in cardiac disease; these are orthopnea, evening dyspnea, Cheyne- 
Stokes respiration and cardiac asthma. 

Cohn and Steele ** have shown that the elevation of temperature 
in heart failure need not be of infectious origin but may depend on a 
variety of processes incident to the failure. In certain patients with 
heart failure who exhibit fever, not only was evidence of infection 
sought in vain but the behavior of the skin temperature of the extremi- 
ties differed from that in patients with fever associated with infectious 
disease. In patients with heart, failure the skin temperature is lower 
than that of normal persons, while that of patients with infectious 
fever is as high as, or higher than, normal. 

It is not possible properly to evaluate the treatment of congestive 
failure by complete removal of the thyroid gland. <A report on 50 
patients so treated in the course of eighteen months has been made by 
Blumgart and his associates,°® to which the reader is referred for 
details concerning their method of procedure. It has been shown that 
congestive heart failure can be abolished in at least half the patients 
operated on, and unquestionably most of these patients showed con- 
siderable subjective improvement. However, this does not decide the 
matter. It must be shown that the improvement is sufficiently long 
lasting. A major procedure like total thyroidectomy must promise 


68. Cohn, A. E., and Steele, J. M.: Unexplained Fever in Heart Failure, J 
Clin. Investigation 13:853, 1934. 

69. Blumgart, H. L.; Berlin, D. D.; Davis, D., and Riseman, J. E. F.: Total 
Ablation of Thyroid in Angina Pectoris and Congestive Failure: XI. Summary 
of Results in Treating Seventy-Five Patients During the Last Eighteen Months, 
J. A. M. A, 104:17 (Jan. 5) 1935. 











870 ARCHIVES OF INTERNAL MEDICINE 


a comparatively great reward. Even if this operation is successful it 
must be remembered that the patient faces congestive failure again in 
a relatively short time with the reexperiencing of previous events. This 
involves a consideration not only of the patient’s wishes but of far- 
reaching social and economic factors of which the patient is often the 
poorest judge. 

Recent studies *° have emphasized the value of oxygen therapy in 
cases of heart failure. It has been shown that a majority of patients 
with cardiac failure of the anginal or congestive type are improved 
after being kept in an atmosphere of from 40 to 50 per cent oxygen 
for long periods. The clinical indications for oxygen therapy in rela- 
tive order of importance are dyspnea, restlessness, anginal pain, cyanosis 
and cough. In order to provide adequate concentration the oxygen tent 
or chamber is to be preferred to administration by nasal catheter, but 
the latter is much less expensive; treatment should be continuous over 
a period of days. In favorable cases of congestive failure the response 
follows a fairly definite pattern; dyspnea and restlessness are partly 
relieved in a few hours but are completely relieved only after several 
days; arterial oxygen is restored to normal; a gradual rise in the carbon 
dioxide content of the blood occurs; and increase in urinary chloride 
and excretion of water may lead to a complete loss of edema. 
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Book Reviews 


Studies on Alimentary Lipaemia in Man. By N. I. Nissen. Pp. 176. Copen- 
hagen: Levin & Munksgaard, 1933. 


In this thesis for the doctorate of medicine at the University of Copenhagen 
the author reviews a difficult subject, namely, that of blood lipids and fat tolerance. 
The thesis is published in English; the translation is passable. 

The matter of blood lipids is confusing because of the well established fact 
that all the fats and lipoids of the blood are difficult to extract by means of the 
ordinary solvents of fat. Thus, different methods yield more or less of the various 
fractions, phospholipoids, cholesterol esters, free cholesterol and neutral fat. 
Nissen, in his investigation, limited his attention to the primary ethereal extract 
of dried blood. This, he says, contains all the neutral fat of the blood, together 
with the main part of the free cholesterol, little or no phosphorus to indicate the 
presence of any phospholipoid and no cholesterol esters. The micromethod of 
extraction of 0.1 cc. of dried blood is that described by Bing and Heckler, under 
whose direct supervision Nissen’s study was conducted. 

The observations reveal that the free cholesterol concentration of the blood 
in man does not change in alimentary lipemia, and that variations in the primary 
ethereal extract which follow meals of fat are attributable exclusively to neutral 
fat. The average value for blood taken when the subject is fasting is 64.6 mg. 
per hundred cubic millimeters, which agrees well with the findings of others. 
During fasting the values for a given person are rather constant from day to day. 
\fter an intake of 1 Gm. of fat per kilogram of body weight a rise occurs, amount- 
ing in normal persons (forty-eight subjects) to from 15 to 100 per cent of the 
value during fasting, with an average of 41 per cent. The height of the curve is 
somewhat but not entirely dependent on the amount of fat fed. The highest 
increase—183 per cent—was obtained after feeding 3 Gm. of fat per kilogram of 
body weight; that obtained after feeding 6.4 Gm. per kilogram was only 162 per 
cent. Similar results were obtained in other experiments on children. Analyses 
of the feces indicated almost complete absorption, even with the very large doses 
of fat; thus the differences observed could not be accounted for by differences in 
absorption. 

The administration of a second dose of fat from two to four hours after a 
primary dose did not cause a further increase in lipemia. This was taken to mean 
that the capacity of the organism to remove fat from the blood stream is increased 
by feeding fat. Dextrose administered, either by mouth or by vein, together with 
a dose of fat, depressed the alimentary lipemia as long as any hyperglycemia 
persisted; later, after the blood sugar had fallen to normal, the blood fat rose as 
high as, or higher than, it would have risen had the fat been given alone. In 
other words, the lipemic reaction to the fat was not prevented by carbohydrate, 
but simply delayed. On the other hand, the ingestion of fat together with dextrose 
did not influence the course of the hyperglycemia attributable to the dextrose. 
No explanations are offered for these observations, as the questions require further 
investigation before they can be answered. 

Various pathologic abnormalities were then investigated. Among eleven diabetic 
patients, in ten of whom the disease was in an uncontrolled stage, Nissen found 
normal values during fasting in all but two and no alimentary hyperlipemia in 
all but four. In no case was the value during fasting higher than normal, or the 
peak of the alimentary lipemia more than 150 mg. per hundred cubic millimeters, 
except in cases in which the condition was complicated by arteriosclerosis. Two 
of the patients were young; both of these showed normal curves for blood fat. 
Nissen concludes that the diabetic disturbance of carbohydrate metabolism has little 
influence on the assimilation of alimentary fats. 

The same is true in obese subjects. The findings in the subjects studied indicated 
that corpulence was not associated with any decrease in fat tolerance. On the other 
hand, three of six patients with arteriosclerosis showed distinctly abnormal curves 
for blood fat, with increases ranging from 140 to 243 per cent. Two others showed 
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minor variations. High values for blood fat were also found in patients with 
nephrotic conditions, as was to be expected. ; 

The studies of Dr. Nissen deserve careful consideration by those interested in 
the part played by lipemia in arteriosclerosis. To the reviewer, and contrary to 
an opinion very current today, they suggest the conclusion that lipemia is not a 
cause but rather a result of arteriosclerosis. 


Practical Endocrinology. By Max Goldzieher, M.D. Price, $5. Pp. 326, with 
41 illustrations. New York: D. Appleton-Century Company, Inc., 1935. 


This book is designed to approach the endocrinopathies as the practitioner meets 
them. One is therefore not presented with a list of glandular disturbances and the 
usual descriptions of the etiology, symptomatology and diagnosis, but is led from 
the presenting manifestations to the incrimination of the involved gland by a differ- 
ential diagnosis of important symptoms. Of thirty-eight chapters, the first two 
deal very briefly with the embryology, anatomy, histology and physiology. A 
chapter on the examination of the patient is included and covers the essential 
factors in the history and physical examination. Laboratory procedures are dis- 
cussed, including the basal metabolic rate; analysis of the blood; dextrose, fat 
and salt tolerance tests, and hormone and pharmacologic tests. Chapters 4 to 28 
deal with endocrine disturbances arranged, as has been previously stated, in a 
symptomatic and systemic approach. Chapters 28 to 38 describe therapeutic pro- 
cedures considered briefly and concisely. 

Goldzieher, for the sake of brevity, eliminates much controversial material and 
presents his personal concepts as definite points of view, whether or not these have 
been universally accepted. There are no references. Some considerations, for 
example, the discussion of parathyroid function, are extremely superficial. In the 
discussion and classification of obesity the vague description of the fundamental 
concept of obesity leaves the reader confused in regard to the author’s views, and 
one seriously doubts his adherence to the law of the conservation of energy. In 
general, however, the discussions are clear and adequate for a work of this type. 

The reviewer considers the author’s approach to the endocrine disorders a 
valuable one but must admonish the reader that in a field beset with much con- 
troversy and theory the opinions of one man, given to the exclusion of others, 
should be read with a critical eye. 


Food and Health. By Henry C. Sherman. Price, $2.50. Pp. 296. New York: 
The Macmillan Company, 1934. 


Every one is familiar with Dr. Sherman’s valuable original work on problems 
of nutrition and with his book on the vitamins. The present volume, it appears, 
is written for the general reader rather than the specialist. While no one can 
quarrel with the validity of most of the facts, Sherman has unfortunately fallen 
into that distemper so common with the specialist when presenting his subject 
to the laity of overemphasizing small points in such a way as to create confusion 
and alarm in the minds of the readers. The average business man or housewife 
after studying this book will believe that physical dissolution is at hand unless one 
begins to live one’s life around vitamins, counted calories and balanced rations of 
salt. Sherman seems to lose sight of the fact that it is only the occasional specially 
susceptible person who shows clinical evidences of nutritional deficiency on any 
ordinary sort of diet, even a poor one; the ration must be grotesquely scanty or 
ill-balanced before anything approaching large numbers will be affected. In brief, 
the whole thesis is overdone: one needs to proceed no further than page 2 to 
find the unproved (for man) statement that “a merely ill-chosen or poorly-balanced 
food supply may diminish our ability to resist infections” ; and so it goes throughout 
the book. Finally there is appended a record of the daily diet over a period of 
months planned in accordance with the “principles which this book seeks to explain.” 
These meals seem about like those which any ordinary person eats, although some 
of them are not too inviting. The following is an example: lunch—pea soup, 
whole wheat wafers, pear and cream cheese salad, raisin bread and milk. 











